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RECOMMENDATIONS  FOR  USING  TRAINING  MODULES 


The  following  pages  1 ist  module?  and  their  corresponding  numbers  for  this 
particular  apprenticeship, tiacfe.  "hs  related  training  cla'ss room  hours 
vary  for  different  reasons  throfughout  the  state,  we  recommend  that 
the  individual  apprenticeship,  committees  divide  the  total  packets  to 
fit'their  individual  class- 'schedules.  i 


There  are  over  130  modules  .available.    Apprentices  can  complete  the 

* 

whole  set  by  the  end  of  their  indentured  apprenticeships.  Some 


apprentices  may -already  have  knowl 
in  particular   modules.    In  thdse 


.edge. and  skills  that  are  covered 
cases,  perhaps  credit  could  be 
granted  for  those  subjects*  al lowing,  apprentcies  to  advance  to  the 
remaining  modules.  \ 

We  suggest  the  the  apprenticeship  instructors  assign  the  modules  in 
numerical  order  to  make  this  learning  tool  most  effective .  . 
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BASICS  OF  ENERGY 


/ 


Goal: 


r 


V. 

ERIC 


The  apprent  ice  will  be  ablo  ttf 
describe  basic,  "units,  of  energy. 


v. 


Performance  Indicators: 

1..  Describe  units  of  measurement 

2.  Describe  conversion  of  energy 

3.  Describe  potential  energy, 

4.  Describe  kinetic  energy. 

5.  Describe  bnergy  efficiency.  - 
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Objectives 


Given:  \  . 

Definitions  and  explanations  of 
base  units,  energy,  work,  con-  % 
version  of  energy,  and  efficiency. 


'  EL-^E-02 
Basics  ofVEnergy 


The  student  wi 1 J r 

Solve  problems  dealing  with  energy-.'' 
Answer  questions  about  energy 
correctly.  *      "  ; 


Directions 

Obtain  the  following: 
Calculator* 


f  0 


a/ 


Learning  Activities 

_  Read  the  Key  WoFds  list.. 

  Read  the  Information  Sheets. 

Do  Task:    Solve  the  Problems  on  the  Problem  Sheets. 


J 


Do  the  Self-Test. 


.»  Do  the  Final  Test.' 

Obtain  Final  Evaluation. 


EL-BE-02 
*  Basics  of  Ener^ 


0r    Key  Words 


Base  Unit:  ^The  term -used  to  indicate  the  amount -of  something.    As  examples: 
.Length  is  measured  1n  feet  (the  foot,  1s  a  base  unit  for  length).    Weight  Is 
measured  in  grams  (the  -gram  1s  4  base  unit  for  weight).  *  • 

Efficiency:  The  relationship  between  the  energy  applied  and  the  energy  output 
(expressed  in  percent).  .  /  - 

Energy:    the  ability  to  do  work.  - 

force:    Pressure  or  push  on  an  object  or  particle. 

V 

^oufe:    Equal  to "the  newton--the  base  unit  for  mechanical  energy.  . 

Load:    The  part;  of. an  electrical  circuit  where  energy  conversion  takes  place. 

Newton:    The  base  unit  for  force  1n  the  metric  system— approximately  .224 
pounds  of  force.  + 

Work:    Force  times  distance. 


ERIC  , 


13 


EL-BE.-02 
.  Basics  of"  Energy 


* 


Information  Sheet 


Energy  and  Work 


If  .our  car  stalls  1n  the  »Creet  and  we  must  push  1t  to  the  curb  by  hand,  we 
know  that*  as  we  are  moving  the  car,  pushing  1t  1s  work.    When  we  have  moved 
the  c<vf  to  where  we  want  1t,  the  work  1s  done.    Work,  then,  1s  made  up  of  two 

.     things.    First,  there.  1s  the  push  or  force  we  place  an  the  car  1n  the  direction 
we  want  1t  to  go.    Second,  the  car  moves  over  a  distance  to  a  point  where  we 
want  it  to  go.    Force  and  distance  make  up  work,    The  force  must  be  enough  to 
overcome  the  friction  of  the  wheels  and  tp  raise  the  car  over  lumps  1n|the 
roadway.    Mathematically,  the  work  done  1s  equal  to  the  force  times  the 
distance.    The  wofk  energy  symbol  that  we  use  when  we  calculate  for  work  1s  the 

£V  upper  case  W.    The  base  unit  of  measure  1n  the  metric  system  for  work  1s  the  • 
joule.  ,         .  i 

To  find  the  amount  of  work  done  in  joules  that  1t  took  to  move  the  car  to  the  * 
curb,  we  must  know  the  force  used  and  the. distance  moved*    If  v«r pushed  on  the 
car  with  a  pressure  of  45  pounds  and  we  moved  the  car  16  fefifr,  we  can  figure 
out  the  work  done  by  multiplying  45  times  16.    However,  the  joule  1s  a  metric 
measure,  so  we  must  convert  the  foQce  and  the  distance  to  metric  terms^before 
we  can  calculate  the  jpules. 

The  Metric  Measure  of  Distance 

The  meter  1s  the  metric  measure  of  distance.    One  meter  1s  equal  to  approxi- 
mately 39.4  Inches.    By  converting,  16  feet  1s  equal  to  approximately  5  meters. 
(16  x  12  =  192  inches.    192  *  39.4  -  4.87  meters  or  approximately  5  meters.) 


V 


The  Metric  Measure  of  Force 

The  metric  measure  of  force  1s  the  newton.    One  newton  1s  equal  to  approximately 
.224  pounds  of  f,orce.    By  converting,  45  pounds  1s  equal  to  200  newtons. 
(45  *  .224  »  200) 

»  » 

Now  we  know  that: 

Work  1n  joules  -  Force  1n  newtons  X  Distance  1n  meters  4 

Let's  find  how  many  joules  1t  took  to  move  our  car  Jto  the  curb. 

Given:        Force  (F)»  .45  pounds  or  200  newtons 
Distance  (d)  -  16.4  feet  or  5  meters 

Find:         Work  (W)  1n  joules 

Solution:    Work  1n  joules  «  Force  in  newtons  X  Distance  In  meters 
W  -  200  newtons  X  5  meters 

W  «  1000  joules  *  ' 
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•  It  took  1000  joules  to  move  our  car  to  the  curb. 


The  measure  of  work  done  Is  also  Important  when  electricity  supplies  the  energy 
-  to  do  the  work.    An  example  of  work  dona  using  an  electrical  cl rcult^ Is^using 
the  starter -on  the  car.'  The  energy  from  the  battery  must  turn  the  starter 
tnotoK  to  crank  the  engine.  .The  work  done  by  the  battery  can  be  expressed  in 
jottles.  * 


Energy  Conversion 

One  of  the  basic  laws  of  physics  states  that  energy  cannot  be  created  or 
destroyed.  Energy  can  be  converted  from  one  form  to  another.  Energy  is 
'converted  from  one  fqrm  to  another  In  fi  ba'ttery.    Inside  the  battery  the 

chemical  action  that  takes  place  produces  stored  electrical  energy. 


This  stored  energy  is  not  doing  any  work.  It  Is  available  for  us  to  use  to  do 
work.    We  call  this  type  of  stored  energy  "potential  energy." 


Potential  Energy 

As  was  stated,  potential  energy  Is  stored  energy.    The  energy  Is  there  ready  > 
for  us  to  use.  '.This  type  of  energy  1s  not  doing  work  until  we  use  it  to 
operate  a  device.    The  electrical  outlets  In  your  home  provide  energy  in  this  . 
manner  as  do  batteries  and  other  sources  of  electrical  energy. 

To  be  able  to  use  potential  energy,  we  must  get  It  moving.    This  Is  done  by 

converting  potential  energy  to  moving  energy.    When  we  connect  a  lamp  to  a 

battery,  the  potential  energy  becomes  kinetic,  , or  moving,  energy  which  lights 
the  lamp. 
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Kinetjc  Energy 

Shown  below  1s  an  electrical  circuit  demonstrating  how' the  chemical  energy  of 
the  battery  1s  converted  to  electrical  energy*  .The  electrical  energy  1s  moved 
to  the  lamp  where -It  1s  converted  to  light  fenergy;    The  lamp  1s  an  energy 
converter  and  1s  called  the  load  1h  the  circuit. 


* 


«  ENER6h 


CHEMICAL 
ACTION 


ELECTRICAL  OUTPUT 
MOVING  ENERGY 


CONNECTING  WIRES 


ENERGY  SUPPLY 
Efficiency 


load  (  Energy  converter) 


With  today's  energy  crisis,  we  are  all  concerned  with  conserving  energy. 
Unfortunately,  1t  1s  Impossible  to  operate  our  machines  with  no  loss.    When  we 
talk  of  efficiency,  we  are  referring  to  how  much  energy  we  put  Into  a  machine, 
how  much  we  were  able  to  use,  and  how  much  was  wasted  1n  a  form  that  we  could 
not  use.    Let's  take  an  example  of  a  very  common  device  that  we  all  use.    It  1s 
the  common,  screw-1n,  Incandescent  light  bulb;    Show  below  1s  a  diagram  of  an 
Incandescent  lamp  system.  _J 
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In  this  type  of  system  (-which  we  all  use),  1t  Is  a  fact  that  if  1,000  joules,  of 
energy  were. applied  to  the  lamp,  we  would  get  only  200  joules  of  light.  This 
means  that  the  other  800  joules  of  energy  went  some  place  else.'  '  The  energy  that 
was  not  converted  Into  >1ght  wa*  converted  Into  heat.    The  light  bulb  makes  a 
better  heater  than  a  light  source!    To  figure  the  efficiency  of  this. 1 Ightbulb 
we  use  the  following  formula: 


work  out 

percent  efficiency  =  j        X  100  % 

work  in 

Given:    1,000  joules  electric  Input 

200  joules  light  output 
Find  %  efficiency 

W  out 

Known  %  eff  =  X  100  % 


W  in 

200- 

Solution:    %  eff  =  —  

^  •  1,000 


X  100  % 


%  eff  =  .2  X  100  % 
%  eff  *  20  % 
Answer  %  eff  « .20% 

The  other  80%  of  the  energy  1n  heat  loss  was  wasted  as  an  unwanted  type 'of 
energy.    All  electrical  devices  do  not.  operate  as  Inefficiently  as  the  light 
bulb.    The  fluorescent  lamp  is  more  efficient  than  the  Incandescent  type.  The 
power  transformers  that  you  see  on  the  power  poles  operate  with  over  95% 
efficiency.    Motors  1n  clothes  dryers,  washers,  etc.,  operate  with  from  50  to 
70%  levels  of  efficiency.    By  knowing  the  efficiency,  we  can  make  wise  choices 
of  electrical  devices  to  save  energy*. 
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SelKTest       ?  % 

*  ( 

1,  Energy  1s 

(a)  force, 
'bj  pressured 
cj  abil 1ty  to  do  work, 
[dj  .travel .  . 

2,  The  base  unit  for  energy  1s  the - 

fa)  joule. 

(b)  meter. 

(c)  newton. 

(d)  neutron. 

3,  The  symbol  forwork  done  1n  the  joule  1s 


(c)  Y. 

(d)  A. 


4.  Efficiency  1s  measured  1n  the  / 

(a J  newton. 

 (bl.  meter.  I  

(cj  percent.  N 
{d\  joule. 

5.  Which  device  listed  below  has  the  lowest  efficiency? 

(a)  motor 

(b)  washing  machine 

(c)  Incandescent  lamp 

(d)  % fluorescent  lamp 

6.  The  conversion  of  energy  states  that 

a)  energy  can  be  created. 

b)  energy  can  be  changed  Into  another  form, 
cj  energy  can  be  destroyed.  ,  ^ 
d)  energy  is  equal  to  the  newton. 
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7.  If  you  push  on  your  car  with  a  with  a  force  of  450  newtorts  for  5  seconds 
but  the  car  does  not  move,  * 

Ja)  the  work  1s  equal  to  the  pressure. 

(b)  no  work  1s  done. 

jc),  the  work  1s  equal  to  the  newtons  Squared. 

;  (d)  2,250  joules  of  work  1s  done. 

8.  To,  calculate  for  the'joule  you  mu^t 

(a)  divide  the  newtons  by  the  force.  . 
•   (b)  multiply  the  efficiency  times  the  force. 

(c)  find  the  reciprocal  of  the  number  of  newtons. 

(d)  multiply  the  distance  times  the  force.  1  , 

9.  Efficiency  of  any  device  has  to  do  with  the 

jaj  amount  of  energy  Input  compared  to  the  wanted  energy  output. 

(b)  amount  of  heat  dissipated.  ■  A 

(c)  amount  of  energy  Input  compared  to  the  newtons  apjffted. 

(d)  amount  of  time  operated. 

10.    Stored  energy  1s  known  as 


aj  kinetic  energy, 
b)  newtons. 

(c)  potential  energy. 

(d)  joules. 

11.    In  the  electric  circuit  that  1s  shown  below,  what  device  1s  the  load? 


BATTERY 


jaj  The  battery. 


The  wire  that  1s  connected  to  the 
battery, 
(c)  The  lamp. 


10 


9 

ERIC 


1H 


•  EL-BE-02 

Basics  of  Energy 

Task 

L 

Task  Sheet 

> — «— —  « 

Solve  the  problems  below:-  '  «•  . 

1.  How  much  work  1s  done  1f  we 'ride  a  bicycle  1  kilometer  (1,009  meters}  by 
\  N     applying  50  newtonT'bf  steady  pressure  to  the  pedals?  *  • 

*  * 

•  joules  . 


2.     How  much  work  Is  donb  1f  you  push  a  car  '80  meters  by  pushing  with  a  steady 
force  of  ,820  newtons? 

•  * 

 _  joules 


3.  •  Our  flashlight  batteries  produce  240  joules  of*  chemical  energy  to  supply 
200  joules  of  electrical  energy  to  the  flashlight  lamp.   What  1s  the 
efficiency  of  the  battery?) 


4.     Our  refrigerator's  1ce  maker  was  able  to  produce  10  pounds  of  1ce.  Each 
pound  of  1ce  represents  150  joules  of  energy.    Our  refrigerator  used  1,950 
•    joules  of  energy  to  produce  the  10  pounds  of  1ce.    What  1s  the  efficiency 
of  the  refrigerator  1ce  maker? 


,  j  5.  The  study  lamp  that  I  use  gives  150  joules  of  energy  1n  the  form  of  light. 
(  To  praj^e  this  we  have  to  supply  the  lamp  with  750  joules  of  electrical 

energy??  What  1s  the  effldencv  of  the  lamp?  «" 
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J  '       .  '  •  *  -  * 

Answers  to  Task  Sheet  ' 

*       >   •  •■.  •  i 

1.  "  .  50,000  joules  '  , 

•  * 

,  W  =  F  X,  d 
.m W  *  50  X  1,000  v 

*'       W  *  50,000  joules.    x  •  -  . 

2.  65,600  joules 

'  - 

W  »  F  X  d 
W  =  820  X  80 

W  *  65,600  joules.  V  . 

3.  83.3% 

W  out 

%  eff  =  X  100 

W  1n  •* 

200  ' 

X  eff  =  X  ioo 

240 

5 

%  eff  =  —X  100 

.  6 

500 

%  eff  =          =  83.3% 

6 


4.  76.9% 


W  out 

%  eff  -  — —  X  100 

nit 

1,500 

%  eff  »  X  100 

1,950 


%  eff  -  76.9% 
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Answers  to  task  Sheet 


5.  20% 


W*out 

;t  eff  -r*  X  100 

'Win 


150 

X%eff  *  — -x  100 
750 


100 

%  eff  *  —  =20% 
5 
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1.  If  aNamp  gives  us  500  joules  of  light;  energy  while  U  istelng  suppHecT" 
with  »1 .200  joules  of  electrical  energy;  what  Is  Its  efficiency? 

.  ■    v  . 

2.  .  How  much  wor'k  Is  done  If  you  roll  a  rock-5  meters  with  a  force  of  1,000 

hewtons?  ' 

  joules         *  • 


3.    How  much  work  is  done  If  you  hold  a  5  kilogram  weight  lmeter  from  the 
floor  for  10  "minutes? 

joules  s  . 


s    n.    Efficiency  Is  measured  in  the  * 

(a)  newton. 

(b)  meter. 

(c)  percent.  . 

(d)  volt.,     I  T 

5.  The  symbol  for  work  1s 

(a)  D. 

b)  A. 

c)  W. 
(d)  P. 

6.  Efficiency  Is  a  factor  of 
(a J  the  power  used. 

(b)  the  amount  of  energy  Input  compared  to  the  energy  output  In  the"  form 
wanted. 

(c)  newtons  times  force. 

(d)  the  power  used  compared  to  the  heat  dissipated. 

7.  Moving  energy  Is  known  as  #  r 

(a)  DC  voltage. 
*(b)  kinetic  energy. 


J 


(cl  potential  energy, 
(d)  the  joules  per  second. 
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I  3.  •  The  definition  of  energy  Is 


a)  the  force  appl led. 

b)  the  ability  to  do  work. 

(c)  the  pressure  applied:* 

(d)  the  travel  per  time.  - 

9.     The  b%e  unit  for  energy  1s  the 

(a)  work, 


(b)  newton.. 

(c)  force  per  second. 

(d)  joule. 

/.  ,  .  ■ 

10.  What  type  of  lighting  .has  the  worst  efficiency? 

a)  fluorescent.     .  -    ;  * 

b)  phosphorescent.  /  . 
(cj  Incawlescent.       A  ', 

(dj  Iridescent. 

•  * 

11.  The  fuhcttoifof  the  load  1n  an  electric  circuit  1s 

•  (a)  energy  production.    '*  \ 
(b)  Improving  efficiency. 

c)  energy  conversion. 

d)  no  function. 


/ 
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Final  Evaluation 


All  ansleVs  on  the  flask  Sheet  must  be  100%  correct.  Answers  on  the  Final  Test 
must  be  90%  correct. 


OK 


Re-Do 


Task  Sheet  Score 
Final,  Test  Score. 


When  all  checks  indicate  OK,  proceed  to  the  next  learning,  packages 
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SELf -TEST  ANSWERS 

1.  c 

2.  a* 

3.  b  . 

4.  c 

5.  c 

6.  b 

7.  b 

8.  d 

9.  a 

10.  c 

11.  c 
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Goal: 


ERJC 


The  apprentice  wili  be  able  to 
describe  the  atomic  theory. 


Performance  Indicators; 

1*    Describe  parts  of  an  atom. 

2.  Describe  valence  electrons. 

3.  Describe  free  electrons. 

A.    Describe  insulators  and 
conductors. 
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Objectives 

Given: 

This  learning  package. 


EL-BE-03 
Atomic  Theory 


The  student  will : 

Draw  the  structure  of  the  atom  and 
name  the  parts  which  deal  with  elec- 
trical theory. 

Answer  correctly  questions  pertaining 
to  the  structure  of  the  atom. 


Directions  / 

Obtain  the  following: 
This  package. 


Learning  Activities 

^   Read  the  Key  Words  list. 

.   Read  the  Information  Sheets. 

  Do  the  Self-Test.  . 

  Do  the  Final  Test.  ♦ 

^   Do  the  Task. 

  Obtain  Final  Evaluation. 
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Key  Words 


Atom;    The  smallest  bit  of  an  element;  the  basic  building  block  of  matter. 
Compound :    Chemically  united  materials. 

^ectron:    The  negative  bit  of  matter  found  In  the  atom  in  shells  around  the 
nucleus. 

Matter:    Anything  that  has  weight;  and  takes  up  space. 

MJ_xture:    Combination  of  materials  that  Can  be  separated  by  mechanical  means. 

Nucleos:    The  center  section  of  the  atom  which  contains  the  positive  charge. 

Proton:    The  positive  bit  of  matter  In  the  atom  found  In  the  nucleus, 

Valence:  The  system  that  has  to  do  with  the  bonding  of  atoms  together  to  form  - 
molecules.  * 
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In  the  last  package  we  found  that  we  need  energy  to  do  work.    To  do  work  was  to 
apply  pressure  to  make  something  move.   When  we  use  electricity  to  apply  the 
pressure  to  make  work  take  place,  what  Is  really  happening?   Where  Is  the 
pressure  coming  from?   What  Is  moving?   What  kind  of  work  is  being  done?. 
Before  we  can  answer  these  questions,  we  have  to  look  Into  the  electrical 
circuit,  right  Into  the  materials  of  which  It  l^s  made.   The  materials  that  are 
used  in  electrical  circuits  fall  Into  three  categories:    conductors,  semicon- 
ductors, and  Insulators. 

The  conductors  Include  most  metals.    Copper  1s  the  most  common  one  used. 
Conductors  form  the  part  of  the  circuit  that  allows' the  electricity  to  pass. 
The  wiring  In  your  house,  the  colls  In  motors  and  transformers,  and  all  of  the 
connecting  co/ds  to  our  televisions,  lamps,  etc.,  are  all  conductors.. 

The  semiconductors  are  not  as  common.    They  are  not  good  at  allowing  electric- 
ity to  pass,  but  they  do  not  stop  It.    Semiconductors  are  used  1n,many  types  of 
electronic  components.    Two  examples  of  components  which  use  semiconductors  are 
diodes  and  transistors. 

The  Insulators  are  very  Important  to  electrical  circuits.    This  type  of  mate- 
rial prevents  the  electricity  from  moving.    The  plastic  covering  oh  wires  and 
the  tape  that  we  use  to  cover  electrical  connections  are  Insulators.  Our 
personal  safety  depends  on  the  use  of  good  Insulators:   they  prevent  us  from 
belrig  electrocuted. 

What  Is  there  about  these  materials  that  makes  them  act  as  they  do  1n  elec- 
trical circuits?   To  answer  this,  let  us  look  Into  the  materials  themselves  to 
see  how  they  are  put  together. 

MaterlaTsT  no  matter  what  kind,  are  called  matter.    Science  teJls  us  that 
matter  1s  anything  that  has  weight  and  takes  up  space.    That  covers  everything 
from  the  air  that  we  breathe  to  the  ground  that  we  stand  on.    Matter  can  be  a 
jgas*,  a  liquid,  or  a  solid.   Matter  can  be  metal  or  nonmetal.    But  whatever 
form  or  state  of  matter,  laws  apply  as  to  how  1t  1s  put  together.    Some  mate- 
rials are  found  *s  mixtures:    they  are^iade  up  of  two  or  more  things.  Mixtures 
can  be  separated  by  mechanical  means.    Let's  ta<e  the  example  of  dirt  1n  water. 
To  remove  the  dirt,  we  can  let  the  mixture  settle  and  filter  the  dirt  out  of 
the  water.    In  this  way,  we  have  separated  a  mixture  by  mechanical  means. 

Many  materials  are  compounds.    Like  a  mixture,  a  compound  1s  made  up  of  two  or 
more  things,  but  they  have  been  combined  by  a  chemical  reaction.   We  cannot 
separate  compounds  by  mechanical  means,.   The  water  that  we  filtered  1s  Itself  a 
compound.    If  we  could  look  at  water  before  Its  parts  were  combined  chemically, 
we  would  see  that  It  was  really  two  very,  different  kinds  of  materials.  Two 
gases,  hydrogen  and  oxygen,  1n  the  proper  cbmb1nat1on,  make  up  water.   Water  1s 
not  a  single  material;  we  can  break  1t  down  Into  two  different  materials.  If 
we  break  water  down  to  the  point  just  before  1t  separates  Into  these  two  differ- 
ent materials,  we  would  have  the  smallest  bit  of  water  possible.   This  amount  of 
water  would  be  so  small  that  1t  could  not  be  seen  even  with  a  powerful  micro- 
scope.  This  amount  would  be  called  one  "mole.cule"  of  water.   A  molecule  of  ^ 
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water  1s  made  up  of  two  parts  hydrogen  and  one  part  oxygen.    H2O  1s  the 
chemical  formula  for  water.    Yhe  H2  stands  for  two  atoms  of  hydrogen.    The  0 
stands  for  one  atom  of  oxygen.-  When  we  write  H2O,  we  mean  water.    We  also 
mean  that  a  molecule  of  water  1s  made  up  of  two  atoms  of  hydrogen  united  with 
one  atom  of  oxygen. 

•Any  material-  that  can  be  reduced  down  to  the  atomic  level  (size)  and  still  have 
identity  as^the  same  material  1s  an  element.    Water  cannot  be  broken  down  into 
the  atomic  level  and  still  be  water.    When  we  break  water  down  to  atoms,  we 
find  two  atoms  of  hydrogen  and  one  atom  of  oxygen.    Hydrogen  can  be  broken  down 
to  the  atomic  level  and  1s  still  hydrogen.    Hydrogen,  then,  is  an  element. 
Examples  of  oth^r  elements  are  copper,  gold,  silver,  and  carbon/.    There  are  92 
natural  elements..  Materials  that  are  made  up  of  two  or  more  elements. are 
called  compounds.    Examples  of  compounds  that  are  very  ijnportanV  1n  electrical 
work  are  brass  (made  of  copper  and  zinc)  and  glass  (made  up  of  silicon  and 
carbon).    Let  us  get  back  to  the  elements  to  find  out  hbw  some  of  thfir  atoms 
are  put  together. 

*  •  '  <  '  .  . 

One  of  the  elements  that  make  up  water  1s-  hydrogen.    Let's  take  a  very  close 
look  at  one  atom  of  hydrogen.    Always  remember  that  the  atom  1s  so  small  that 
we  have  never  seen  1t.    The  only  way  we-  know  of  its  appearance  1s  by  experiment 
and  calculation.    Below  Is  a  diagram  of  a  hydrogen  atom.    Note  the  name  of  each 
part. 

ELECTRON 

A  - 

•SHELL 

proton  — — I  r — NUCLEUS 


Notice  that  it  looks  like  a  small  solar  system  wfth  a  proton  1n  the  center  and 
an  electron  1n 'orbit  around  the  outside.    The  center  is  called  the  nucleus. 
The  orbit  1s  called  a  shell.    An  atom  of  hydrogen  1s  the  simplest  and  lightest 
of  all.    Its  atomic  number  is  one.    Before  we  go  on  to  the  next  atom,  let's 
review  its  parts. 

The  Electron 

This  part  of  the  atom  is  very  light."  It  has  the  negative  efectrlc  charge  and 
is  the  part  of  the  atom  that  is  the  most  mobile.    The  electron  1s  in  motion 
around  the  nucleus  1n  a  sort  Of  orbit  or  shell.    Some  atoms  have  many  electrons 
and  shells  around  the  nucleus. 
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'The  Proton 

This  part  of  the  atom  1s  heavier 
times  heavier  than  the  electron, 
electric  charge  and  1s  locked  up 

The  Nucleus 


Jhan  the  electron.    In  fact,  it  Is  over  1,800 
This  part  of  the  atom  carries  the  positive 
in  the  nucleus . 


This  1s  not  a  part  as  such.    Tills  Is  the  name  of  the  area  1n  the  center  of  the 
atom  where  the  protons  are  grouped.    In  most  cases  the  nucleus  has  more  than 
just  protons  1n  1t.    It  may  contain  neutrons.   Remember  that  the  nucleus  is 
very  dense  and  is  responsible  for  almost  all  of  the  weight  of  the  atoq. 

The?  Neutron 

This  particle  1s  found  1n  the  nucleus  and  has  no  electrical  charge.  Electric- 
ally, we  can  Ignore  1t. 

Let's  lopk  at  the  next  atom  (atjomlc  number  two)  1n  the  atomic  series.    The  name 
of  this  element  1s  helium.    Below  1s  a  diagram,  of  an  atom  of  helium.    Study  Its 
parts.    How  does  1t  differ  from  hydrogen? 
ELECTRON  


/ 


2  PROTONS 


ELECTRON 


SHELL  WITH  TWO 
ELECTRONS 

NUCLEUS 

NEUTRON 


You  will  notice  first  that  this  atom  1s  more  complicated  than  hydrogen.    It  has 
two  electrons  and  two  pro/ons  while  hydrogen  and  has  one  of  each.  This 
balance  of  electrons  and>otons  1s  true  for  al]  atoms  1n  the  natural  state: 
for  each  electron  1n  the  shells  around  the  nucleus,  there  must  be  a  proton  1h 
the  nucleus,    tye  difference  between  atoms  of  different  materials  1s  that  they 
have  more  or  less  of  these  atomic,  parts:    protons,  electrons,  and  neutrons. 

As  we  go  up  the  atomic  scale,  the  atoms  becW  more,  and  more  complicated.  Each 
time  there  are  more  electron-proton  pairs,  the  atom  gets  larger.   More  shells 
are  found  J round  the  nucleus.   Each  shell  has  a  fixed  number  of  electrons  that 
can  be  1n  that  shell  in  any  specific  element.   On  the  following  page  1s  a  chart 
showing  the  numbers  of  electrons  that  can  be  1n  each  shell.   This  number  of 
electrons  is  absolute  only  If  followed  by  another  shell.    If  the  shell  Is  an  * 
outer  one,  any  number  of  electrons  Is  possible  up  to  the  natural  number  for 
that  shell. 
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SHELLS 


\ 


NUMBER  OF  ELECTRONS 


NUCLEUS 


As  you  can  see  from  the  above  chart,  there  are  seven  shells  for  electrons. 
Depending  on  the  material  ,  all  the  shells  may  not  be  there  and  may  n&lrtiave  a 
full  complement  of  electrons.    Let's  look  at  a  heavier  material.   Below  1s  a 
diagram  showing  one*  atom  of  aluminum. 


1  sr  SHELL:  2  ELECTRONS 

2  N0£HELL:  8  ELECTRONS--^ ®* 
3RoSHELL:3  ELECTRWS^^0S0^i%/ 


J91 

/  /  / 


-NUCLEUS:  13  PROTONS 


Valence  .Electrons 

The  outside  shell  of  elect 
in  this  group  are  the  ones 
'-atom  to  atom.    This  proces 
Remember  that  bonding  take 
trading  of  electrons  from 
the  electrons  are  notjield 
atoms  are  .bonded  together, 
structure  of  the  molecule 
are  not  held  to  others  in 
called  free  electrons. 


ONE  ATOM  OF  ALUMINUM 


rons  of  the  atom  1s  the  valence  ring.   The  electrons 
that  interact  with  electrons  of  other  atoms  to  hold 
s  1s  called  bonding.    Bonding  can  be  very  complicated 
s  piace  when  chemical  reactions  take  place.  The 
one  atom  t/o  another  occurs  1n  this  outer  ring  because 
as  they  are  1n  the  Inner  shells.  When 
tructures  called  molecules.    Because  the 
at  deal  ,  some  of  the  valence  electrons 


as  tlghtl: 
they  form 
varies  a 


the  bonding  process*   These  unbonded  electrons  are 
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Free  Electrons 

As  stated  above,  free  electrons  can  be  caused  by  the  frondlfog  structure,  of  the 
molecule.    Any  force  from  the  outside  can  push  the  free  electrons  around  in  the 
material.    The  force  can  be  almost  any  form  of  energy.    A  few  examples  are 
heat,  light,  magnetic  energy,  mechanical  energy  and  chemical  energy.    In  some 
materials,  these  valence  electrons  are  locked  Into  the  bonding  more  tightly 
than  in  others.    In  these  materials,  1t  takes  more  outside  energy  to  force  the  • 
electrons  around.  A 

Insulators  and  Conductors 

Materials  that  have  their  electrons  locked  up  1n  the  bonding  process  will  not 
let  (go  of  their  electrons  nor  will  they  take  any  1n.^  The  only  way  that  free 
electrons  can  become  available  1n  such  materials  is  byUhe  use  of  huge  "amounts 
of  energy.    This  kind  of  material  1s  called  an  Insulator,    Some  of  the  common 
insulators  include  alT,  plastic,  and  glass.    Insulators  stop  electricity. 
Because  of  this,  we  find  insulators  as  covering  on  wires,  sections  of  terminal 
strips,  and  any  place  we  need  protection  from  electricity. 

A  conductor  is  a  material  that  has  free  electrons* 1n  the  bonding  system.    It  is 
very  easy  to  produce  electron  movement"  in  this  type  of  material.    Only  small 
-  amounts  of  energy  are  needed  to  move  electrons  through  conductors.  Conductors 
are  used  as  connecting  links  between  electrical  devices.    Silver  and  gold  are 
excellent  conductors,  but,  becairse  of  their  high  cost,,  they  are  not  the  most 
frequently  used.    Copper  is  a  very  good  conductor  and  1s  far  less  costly  than 
gold  or  silver.    Because  of  th1s,'1t  1s  the  most  commonly  used. 
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Self-Test 

1.  The  second  shell  of  the  atom  can  contain 

a.  two  electrons.     '  « 

b.  eight /electrons. 

c.  any  number  of  electrons. 

d.  eight  protons.  * 

2.  The  part  of  the  atom  that  has  the  negative  charge  ys  called 

^  a.  the  neutron. 

b.  the  nucleus. 

c.  the  first  shell. 

d.  the  electron. 

3.  Matter  is  described  as  anything  that  has,,  weight  pnd 

a.  is  a  mixture. 

b.  takes  up  space. 

c.  takes  up  valence. 

d.  Is  an  element^ 


electric  charge. 


4.    The  proton  has  the   

a.  neutral 

b.  expanded 

c.  positive 

d.  negative 

J.    fhe  nucleus  is  the  center  sect  Ion  of  the  atom  which 

a.  has  the  negative  charge. 

b.  contains  only  neutrons. 

c.  'is  the  lightest  part  df  the  atom. 

d.  has  the  positive  charge. 

6.  The  valence  shell  of  the  atom 

a.  is  part  of  the  atom  where  bonding  takes/  place. 

b.  1  s  In  the  nucleus. 

c.  has  only  positive  charges. 

d.  is  always  the  second  shell. 

7.  The  number  of  electrons  In  any  atom  is  equ/al  to 

a.  the  number  of  protons. 

b.  the  number  of  protons  and  neutrons 

c.  the  lowest  energy  level. 

d.  two  plus  the  number  In  the  outer  shell. 
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8,   A  mixture  can  be  separated  by 

*  * 

a.  chemical  means. 

b.  a  double  reaction. 

c.  '  mechanical  means. 

d.  adding  energy. 


...  \ 
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Task* 

Draw  the  atom  of  aluminum  and  label  all  parts. 
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Final  Test 

1.  Mechanical  means  of  separation  will 

a.  separate  atoms. 

b.  cause  double  reactions. 
*  c    separate  a  mixture. 

d.    separate  a  compound. 

2.  The  number  of  protons  that  are  found.  1n  the  nucleus  Is  equal  to 

a.  the  number  of  electrons  1n  the  shells  around  the  nucleus. 

b.  the  number  of  shells. 

c.  the  number  of  neutrons. 

d.  the  number  of  el^trons  plus  the  number  of  neutrons. 

3.  The' part  of  the  atom  that  has  to  dojwlth  bonding  Is  - 

a.  the  positive  charge. 

b.  the  neutron. 

c   always  the  second  shell, 
d.    the  outer  or  valence  shell. 

4.  The  part  of  the  atom  that  has  the  positive  charge  1s 

4  p. 

a.  the  neutron. 

b.  the  proton  1n  the  nucleus. 

c.  the  electron  In  the  nucleus.  * 

d.  the  lightest  part  of  the  atom. 

5.  The  electron  has  the  charge. 

a.  neutral  t 

b.  expanded  \  '         «  '  . 

c.  positive 

d.  'negative 

6.  Science  tells  us  that  matter  1s  composed  of 

a.  anything  that  has  weight  and  takes  up  space.  / 

b.  only  elements.  ' 

c.  any  mixture. 

d.  anything  that  has  valence. 

/ 

7.  The  part  of  the  atom  that  1s  the  lightest  1s  ' 


i 

i 


a.  the  proton. 

b.  the  electron. 

c  * W|l£er  snen. 

d.  tmSHbron. 
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8.   The  second  shell  of  the  atom  can  have  , 


a.  «  eight  electrons. 

b.  two  electrons. 

c.  any  number  of  electrons. 

d.  two  protrons. 
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Final  Evaluation 

All  answers  on  Final  Tested ^pmpleted  drawing  on  Task  must  be  100%  correct. 

OK  tfe-Do 

Task  Drawing  Proper  /timber  of  protons,  neutrons   

and  velJctripns  and  proper  labels  r  -~  

Final  Test  Score  Percent 


When  all  checks  Indicate  OK,  proceed  to  the  next  learning  package. 
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Answers 

SelMest 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 


b 
d 
b 
c 
d 
a 
a 
c 
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2.3 


iiLECTRICAL  CONDUCTION 


Goal: 


.ERIC 


Thr  n;>prontico  will  be  ablo  to 
describe  how  electrici ty  Is 
conducted. 


Performance  Indicators: 

1.  describe  polarity. 

2.  Describe  interaction  of  charges. 

3.  Describe  ions. 

4.  Describe  moving  electrical 
.  charges. 


r 
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Electrical  Conduction 
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Test  Draft 
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Objectives 


Given: 

Examples  of  conductors  and  Insulators. 
A  test  device. 


The  student  will: 

Perform  a  test  to  determine  which 
materials  are  conductors  and  which 
are  Insulators. 

Answer  correctly  questions  pertain- 
ing to  electrical  conduction. 


Directions 

Obtain  the  fol lowing^ 
Materials  to  test. 
A  continuity  tester. 

i 


Learning  Activities 

  Itead  the  Key  Words.  11st. 

  Read  the  Information  Sheet. 

.    „  Do  they Self-Test. 

  Do  the  Task. 

  Do  the  Final  Test 

  Obtain  the  Final  Evaluation. 

» 

# 

« 

3  if 


"  EL-BE-04 
Electrical  Conduction 

Key  Words*?  /* 

Polarity:  Having  one  of  two  opposite  charges,  one  positive  and  one  negative, 
ion:  atom  which  has  an  unbalanced* charge. 

Negative  Ion:    An  atom  which  has  too  many  electrons  and,  therefore,  has  a 
negative  charge.  ' 

Positive  Ion:    An  atom  that  has  a  shortage  of  electrons  and,  therefore, 
has  a  positive  charge.  « 


r  ■ 


Repulsion:        The  action  of  pushing  away. 

Continuity:      An  unbroken,  path,  for  electron  travel  through  a  material . 


JT 


9 

ERIC 


48 


'  EL-BE-04 
Electrical  Conduction 


Information  Sheet  y. 

Electricity  Is  produced  when  electrons  are  freed]  from  fhelr  athm«  n.,*  

fJrf  :°JU  ^vilinc.  ring  have  the  hlglst^ne  gyleveT  ind   re  he 

farthest. from  the  nucleus  which  has  the  positive  charge.  - 

Polarity  .'.  „ 

?^iHc6f  °f  ?LeC.tr1c Jcharge  or  P°la^ty  comes  from  lowing  how  the  electric 
Il!J  f?P?HStr,cture?  around  the  eleCtron  and  Proton.    The  exJct  nature  of 

PROTON  ELECTRON 
Notice  the  force  field  has  direction.   Also  notice  that  the  force  fields  .r„ 
opposite  in  direction     I„  other  words,  the  field  surrounding  the  posU?ve  ■ 

Interaction  of  Charges  '  « 

*  • 
Because  of  the  diction  of  the  fields  there  Is  a  natural  attraction  nr 
repulsion  that  taffis  place.    (Repulsion  Is  the  opposlTof  aKlSn-  1tNs 
4  pushing  away.)    Study  the  diagram  below  which  Shows  what  haS  when  Lo 
positive  charges  are  brought  close  to  each  other.  v 

RESULT:  REPULSION  1 


© 

BUCKING  FIELD  - 

And  below,  you  see*  what  happens  when  two  Native  charges  are  brought  together. 

/ 

RESULT:    y^~^  >     * " 

REPULSION  //*  ^ 

©  ,(  g      •  . 

^-BUCKING  FIELD 
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'Frofc  these  two  examples  we  can  see  that  when  two  positive  charges  are  brought 
together,  they  rep*  each  other;  they  pu$h  apart  from  one  another.   The  very 
same  action  takes  place  when  two  negative  charges  are  brought  together. 

From  this  we  can  say  that  LIKE  CHARGES  REPEL. 

nL1'^0^  the  lastuP<>ss1ble  combination.  What  happens  when  a  positive  and  a 
negative  charge  are  brought  together? 


ATTRACTION 

As  you  can  see,  the  fields  are  now  held  together.    They  ajtract  each  other! 
From  this  we  can  say  that  UNLIKE  CHARGES  ATTRACT. 

iSJht  1!Ii0f/lectr1cf1  char9es-    Th1s  action  of  attraction  and  repulsion 
makes  it  possible  to  move  electrons  by  pushing  them  with  other  electrons 
(negative  charges)  or  by  pulling  them  with  positive  charges.    This  Is  the  force 
behind  the  electric  current.    How  can  we  build  this  force  so  that  we  can  use 
It  to  do, work?   The  answer  Is  to  unbalance  nature  by  producing  Ions. 

Ions      '  ^ 

As  was  stated  before,  In  an  atom  there  Is  a  balance  between  electrons  and 
protons.    In  a  natural  atom  the  number  of  electrons  ts  the  same  as  the  number 
of  protons.    But  this  balance  can  be  changed.    By  the  application  of  enerqy. 
we  can  force  electrons  away  from  an  atom.    This  will  leave  that  atom  With  less 
electrons  than  protons.    Then  the  atom  will  have  more  positive  charqes  than 
negative  charges.    This  charged  atom  Is  a  POSITIVE  ION.    Tnrfs  positive  Ion  will 
try  to  steal  an  electron  from  anywhere  It  can.    It  Is  natural  for  It  to  try  to 
regain  balance.  J 

It  is  also  possible  to  add  an  extra  electron  to'the  atom.    Then  there  are  more 
negative  charges  than  positive  charges.    This  charged  atom  1s  a  NEGATIVE  ION. 
This  atom  will  try  to  give  away  an  electron  If  1t  can  to  regain  Its  balance. 

Producing  Ions 

There  are  many  ways  that  Ions  can  be  produced.   A  battery  can  produce  Ions  with 
chemical  action.    Mechanical  friction  can  also  produce  1ons.    If  you  shuffle 
your  feet  on  a  rug,  you  can  pick  up  electrons.    By  picking  up  extra  electrons, 
your  body  has  negative  1ons  on  It.    If  you  bring  youV  finger  near  a  door  knob 
or  sometimes  another  person,  the  extra  electrons  will  leave  you  with  a  spark 
giving  you  a  shock  as  the  electrons  move  from  you. 
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Moving  Electrical  Charges  I, 
1  % '  ■     '        .  \ 

How  can  electNcal  charges  move  through  things?  As  you  shuffled  on  the  ruo 

EE  Sh^S  ?1Cked ,up  the  charfle'       *>u  los*  th«  chirge  H  you^flnger  9,The 
charge  had  to  go  from  your  shoe  to  your  finger.   How  this  haooens  Is  2iti 
simple.   You  now  have  negative  Ions  in  your  body.  Thl  cha?JSd  2 torn?  2iii\™ 
to  rega  n  their  balance  by  getting  r1d  of  the  eiiraXtr^.   SlSce  hi  shSe 
11  SiS  !?  UP  m°r?  elfctron^  they  must  seek  another  placeU^ieaVe^ 
As  your  finger  gets  close  to  the  door  knob,  zap!!,  the  el ettroir tJH 
atom  to  another  through  your  body  from  t^shoe  to  he  fllr  In  a  Tact™  of 
a  second    To  understand  the  process  better,  study  the  ,4  lag  ram  befow    In  111 


FREE 
ELECTRON^ 

JUMf^S  FROM  ONE  ATOM  ID  ANOTHER 

i 

4 

The  electron  that  goes  In  one  end  probably  will  not  be/ the  same  one  that  1m»«< 
the  string  of  atoms.    Another  way  to  plctJre  this  nlhZ  beTow  ' 

\/      .  . 


OVEI/V 


mm 


-  ONE  OUT 


P/PE  FULL  OF  BALLS 


III!  JlElj*  f"11  of1bd11?'  ,When  *°u  add  a  6411  at  one  end.  a  ball  comes  out 
the  other.    In  an  electrical  circuit,  ah  action  similar  to  this  taktVolau  at 

^ers^r'secoS!'  >»/ *«<**.  'or  by  metrl?  2L2.5o8lS.000 


In  some  materials  the  electron  movement  occurs  1n  a  very  limited  wav  These 
materials  are  called  Insulators.    In  materials  with  man?  free  electrons  the 
action  occurs  easily  and  these  materials  afte  called  conductors?  Becalse  the 
conductive  materials  allow  the  exchange  J  electrons  through  them  frm  one  end 
to  the  other.  It  Is  said  that  they  have  Zonttnultv.    In  other  words,  a  material 
with  continuity  provides  a  complete  patlfToreWron  exchanged 

In  the  following  Task  you  will  beaske^  to  test  materials  and  separate  the 
Insulators  from  the  conductors.   Remember  that  Insulators  prevent  electricity 
from  flowing  because  there  are  f  ew  J  no  free  electrons  In  the  bond  ng  system 

non2UoCf0eriechrr?cU;y        *leCtr0nS/1n  the  *****  « >**  *1 


* 


Self-Test 

1.  Insulators  differ  from  conductors  In  that 

a.  Insulators  have  more  protons.  / 

-  b.  Insulators  have  few  free  electrons. . 

c.  Insulators  are  metal S; 

d.  Insulators  are  bonded, 

2.  Materials  with  continuity 

a.  are  not  conductive. 

tK  allow  electricity  to  pass  through. 

c.  are  ferrous. 

d.  are  nonferrous. 


3.     An  1on  is 
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a.  a  metal .  / 

b.  an  Insulator. 

c.  a  charged  atom. 

d.  a  lamp.  • 

/ 

4.  Like  charges 

a.  attract.  ''  ' 

b.  have  no  force  fields.  • 

c.  repel. 

<1.     attract  only  metals. 

5.  Unlike,  charges 

a.  attract.  I 

b.  are  only  at  the  north  pole.  u.  

c.  repel. 

v  .  d.     are  only  1n  insulators, 

6.  \  Electricity  travels  at  an  effective  speed  of  approximately 

'\.     the  speed  of  sound. 

b,  the  speed  of  light. 

c.  \    300,000  meters  per  second, 
a.  '>  120,000  feet  per  second. 

7.  A  negative  ion  Is 

a.  an  atom  with  an  unbalance  of  neutrons. 

b.  an  electron. 

c.  an  atom  that  has  more  electrons  than  protons. 

d.  an  element. 

\ 
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Pieces  of  copper,  brass,  aluminum,  Iron,  tin,  lead  nlchrome. 
Pieces  of  string,  wood,  paper,  rubber,  plastic,  cloth. 

Equipment: 

Test  light  unit  or  continuity  tester  as  pictured  pelow. 


1  -  ** 

BATTERIES 


MATERIAL  UNDER>r 
TEST 


* 

Procedure: 

Test  each  piece  of  test  material  for  conduction  (continuity).    To  do  this, 
touch  one  test  wire  to  one  end  of  the  material  under  test  and  the  other  test 
wire  to  the  other  end. 

Note  the  lamp.    Does  Jt  light?   If  It  lights,  the  material  1s  a  conductor. 
If  It  does  not  light,  the  material  1s  an  Insulator. 

List  the  materials  under  the  proper  column  heading. 

CONDUCTORS  INSULATORS 


I 
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Final  Test 


1.  An  atom  that  has  an  unbalance  of  electro™  and  protons  Is 

a.  an  1on.  t 

b.  uncharged. 

c.  an  element. 

d.  a  compound. 

2.  The  effective  speed  of  electricity  1s 

a.  the  speed  of  sound. 

b.  300,000  meters  per  second;  v  1 

c.  the  speed  of  light. 

d.  twice  the  speed  of  sound* 

3.,    Unlike  charges 

a.  attract. 

b.  have  no  action. 

c.  repel  each  other. 
1     d.  are  unblanced, 

f  a 

4.  Like  charges 

.  a.  attract. 

b.  have  no  action. 

c.  repel  each  other. 

d.  are  unbalanced. 

5.  An  1on  Is  . 

a.  an  Iron  material . 

b.  a  lamp. 

c.  an  Insulator. 

d.  a  charged  atom. 

6.  A  material  that  allows  electron  exchange  all  the  way  thrown  Is 

a.  said  to  be  an  Insulator. 

b.  said  to  have  continuity. 
.  c.     said  to  have  no  Ions, 

d.     a  nonmetal . 

7.  An  Insulator  1s 

a.  a  metal .  *  \ 

b.  a  bonded  metal.    J  . 

c.  a  material  with  few  free  electrons. 

d.  a  material  with  many  free  electrons. 
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Final  Evaluation 


All  answers  on  the  Final  Test  and  Task  must  be  100X  correct. 


■  OK 

RE-00 

{       .  -  - 

Task  Score          *  % 

Final  Test  Score  -  % 

* 

m 

When  all  checks  Indicate  OK,  proceed  to  the  next  learning  package. 
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Answers 
#      Self-Test  No.  1 


l. 

2. 
3. 
4. 
5. 
6. 
7. 


b 
b 

c 
c 
a 
b 
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BASICS  OF  DIRECT  CURRENT 


••  1. 


Goal: 


ERIC 


The  apprentice  will  be  able  to 
describe  the  baste  characteristics 
of  direct  current. 


Performance  Indicators: 


1. 

Describe 

polarity. 

2. 

^Describe 

charge. 

3. 

Describe 

voltage. 

4. 

Describe 

current . 

5. 

Describe 

resistance « 

6. 

Describe 

wire  sixes. 

BASIC  ELECTRONICS 
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Objectives  . 


Given: 

Information  contained  In  this 
package. 


Directions 

Complete  this  package. 
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The  student  will: 

Name  and  define  the  four  factors  of 
electricity. 

Describe  what  actions  take  place  as 
values  of  voltage,  current,  and 
resistance  are  changed. 


Learning  Activities 

 Read  the  Key  Words  List. 

  Read  the  Information  Sheets. 

 Study  the  Task  Sheets. 

 .  Complete  the  Self-Test.  • 

Complete  the  Final  Test. 
Obta^p^nal  Evaluation. 
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Keywords  * 


Ampjeihe:    The  base  unit  of  measure  of  electron  flow  (one  coulomb  per  second). 
Charge:    An  electr^pal  unbalance;  the  charge  may  be  negative  or  positive. 
Coulomb:    The  base  unit  of  charge,#.6.28  X  1018  electrons.. 
Current:    The  flow  of  electrons.  j 
Ohm:    The ^ase  unit  of  measure  of  resistance. 

PoUr1ty_:  Identification  of  charge;  1t  may  be  +  or  -.  Assignment  of  connec- 
tions. 

Power :    The  ability  to  do  work;  m 
Resistance:    The  opposition  to  the  flow  of  electrons. 
Volt:    The  base  unit  of  measure  of  electrical  force. 
Watt:    The  base  unit  of  measure  of  electrical  power. 
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Information  Sheet  v         "  . 

to      •  .  * 

As  youjlearned  In  the  last  package,  electrons  can  move  through  conductive 
materials.    This  movement  occurs  because  the  balance  between  the  number  of 
electrons  and  protons  has  been  upset.    The  Imbalance  can  be  caused  by  energy 
applied  to  the  material  In  some  way  or  another.       example  of  a  common  device 
with  an  electron  Imbalance  Is  a  battery.   Let's  take  a  look  at  a  flashlight 
battery.    At  one  end  Is  the  positive  pole,  and  at  the  other  end,  the  negative 
pole.    Inside  there  Is  a  chemical  mix  which  produces  large  amounts  of  negative 
Ions  (atoms  with  extra  electrons)  on  the  negative  end,  and  positive  Ions  (atoms 
with  a  shortage  of  electrons)  on  the  positive  end. 


U  +  +  4  * 
CHEMICAL 


•POSITIVE  IONS 


■NEGATIVE  IONS 


'     "        •  *  •  •  s 

The  action  of  the  chemical  mix  takes  plaVe  at  a  fixed  speed.    The  result  Is 
that  Ions  are  produced  at  the  same  rate.    When  the  battery  was  first  con- 
structed, this  action  took  place  to  bring  the  battery  to  the  1.5  volt  level. 
If  the  battery  were  to  be  used  In  a  circuit  which  permits  a  very  high  current 
flow,  the  "chemical  action  would  not  be  able  to  maintain  the  surplus  of  electrons. 
The  output  voltage  of  the  battery  could  drop  below  the  1.5  volt;  level.    So  we 
canndt  use  the  electrical  output  from  the  battery  faster  than  .the  Imbalance 
Is  produced  on  the  Inside  of  the  cell. 


Polarity 

Polar1ty,?refers  to  the  direction  In  which  electrons  flow  or  attempt  to  flow. 
The  battery  has  a  positive  polarity  on  one  end  and  a  negative  polarity  on  the 
other,  this  marking  shows  where  the  electrons  are  coming  from  and  where  they 
are  going.    How  certain  devices  are  connected  In  terms  of  polarity  Is  extremely 
important.    Diodes,  capacitors,  and  transistors,  meters  and  many  other  Instru- 
ments must  be  connected  to  the  power  supply  with  their  leads  In  the  correct  . 
polarity.    If  these  components  or  pieces  of  equipment  were  to  be  connected 
backwards  (wlth'the  polarity  reversed),  they  could  be  destroyed. 

r  *' 
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Charge 

As  the  negative  1ons  are  added  to  the  negative  end  of  the  battery  by  the  * 
chemical  action,  a  very  interesting  and  Important  thing  happens.    Remember  how 
electrons  like  each  other?   Right,  they  don't.    They  repel  each  other.  The 
more* electrons  we  pack  on  the  negative  end  of  the  battery,  the  more  pressure  we 
get.    The  action  1s  something  like  overpacklng  a  suitcase.    We  keep  putting 
more  and  more  1n  until  1t  1s  bulging  and  no  more  will  fit.    If  the  latch  fails, 
the  contents  will  pop  out.'  The  battery  1s  like  this.    The  electrons  keep 
building  on  the  negative  side  until  they  are  so  crowded  that  no  more  can  fit. 
The  electrons  want  to  get  to  the  positive  end  of  the  battery,  but  they  cannot 
because  the  chemical  action  stops  them  one  way,  and  the  air  stops  them  the 
other  (air  1s  a  poor  conductor).    This  Imbalance  we  call  charge.    The  amount  of 
charge  can  be  measured  by  knowing  the  number  of  electrons  1n  the  1mbalai\ce. 
This  number  Is  normally  huge,  and  Its  unit  of  measure  1s  the  coulomb. 

Coulomb 

The  number  of  electrons  measured  as  one  coulomb  1s  extremely  large.    The  number 
1s  a  quantity  of  electrons  equal  to  6,280,000,000,000,000,000.    This  1s  read 
s1x-thousand-two-hundred-e1ghty-quadr1H1on.    To  be  able  to  use  large  numbers 
like  this  easily,  a  system  called  scientific  notation  1s  used.    When  this 
number  1s  converted  tfc  scientific  notation,  1t  looks  like  this:    6.28  X  10  . 
This  stands  for  6.28  uiuUIpl  led  by  ten  eighteen  times.    The  advantage  of  this 
system  1s  that  1t  allows  large  numbers  to  be  used  without  confusion.    At  this 
point  don't  worry  about  learning  scientific  notation  but  be  able"  to  recognize 
\t  when  you  see  It.  ^ 

Joule  per  Coulomb 

Now  that  w*  know  that  the  cojilomb  1s  the  base  unit  of  electron  charge,  and  we 
can  remember  that  the  joule  rkjthe  base  unit  of  energy,  we  can  come- up  with  a 
relationship  to  give  us  a  meaWe  of  electrical  force.    This  should  be  a  measur- 
able unit  to  show  the  amount  of  force  between  the  negative  and  the  positive 
polarity.    This  unit  1s  called  the  volt. 


\ 


The  Volt(V) 

As  shown  above,  the  symbol  for  voltage  1s  V.    It  1s  used  to  Indicate  the  output 
of  a  battery  or  power  supply.    As  an  example,  a,  flashlight  battery  1s  rated  at 
1  •  5  V«  ^ 
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The  relationship  between  charge,  energy  and  voltage  Is:  voltage  equals  the 
energy  divided  by  the  .charge. 


Voltage  (V) 


Energy  W  (Joules) 
Charge  Q  (Coulomb) 


Just  remember  that  voltage  Is  the  measure  of  the  electrical  push.  The  more 
voltage,  the  more  push.    The  voltage  Is  the  prime  mover  of  electrons. 

To  measure  voltage,  we  use  a  voltmeter.    Th^voltmeter  Is  like  a  small  motor 
with  a  needle  on  the  end  of  the  shaft;to  show  the  amount  of  rotation  of  the 
shaft.    Study  the  following  drawing. 


MOTOR 


NEEDLE 

^ERO  RETURN 
SPRING 

MOTOR  ROTATION 


Notice  that  the  more  the  needle  goes  upscale,  the  more  force  It  takes  to 
stretch  out  the  zero-return  spring.    So  the  higher  the  voltage  shown,  the  mo/e 
force.    It  Is  Important  that  the  correct  polarity  be  used  when  connecting  the 
voltmeter.    If  It  Is  connected  In  the  reverse  polarity,  the  needle  will  try  to 
go  downscale. 


<  -A- 


\ 


a 
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Another  way  to  visualize  what  voltage  means  1s  to  think  In  terms  of  water 
pressure.    Stud^  the  diagram  below.  1  r 


BULGE 


WATER  LEVEL 


RUBBER  DIAPHRAM 


WATER  LEVEL 


v,     RUBBER  D/APH  RAM 
LARGER  BULGE 


"    tlt°l       t**'  the  t?!!k  that  has  the  most  w*ter  1n  1t  h«  more  p/essure  on  the 

KierLwi:?d9nrouhte: step- if  the  tank  had  a  hoie  1»  ^  *V°f 

■  .  ■  /  ■   ■  •  - 


WATER  DELIVERED 
/ 


The^low  would  only  jake  place  if  there  were  pressure  on  the  bottom  of  tfr 


\ 
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Current    Symbol  ( I ) 


In  an  electrical  circuit,  flow  also  takes  place.    In  the  water  system  the 
material  that  was  moving  or  flowing  was  water.    In  the  electrical  circuit  the 
mlterlal  that  does  the  flowing  1s  the  electron.    The  electron  flow  or  current 
will  move  from  a  place  with  more  pressure  to  a  place  of  less  pressure.  Study 
the  clrtult  below. 

+  -LESS  ELECTRON  PRESSURE" 


vv 1 . /  /-ENERGY  DELIVERED 


CHEMICAL 
ENERGY 


--FLOW 


MORE  ELECTRON 
PRESSURE. 


CONNECTING  WIRES' 


FLOW- 


-LAMP 


Notice  that  there  Is  a  complete  path  from  the  negative  side  of  the  battery 
through  the  connecting  wires  on  through  the  lamp  through  more  connecting  wires 
and\back  to  theposltlve  end  of  the  battery.*  This  complete  path  must  be 
connected  all  the  way  around  the  circuit  or  no  currentlflow  can  take  place. 
The  current  flow  around* the  circuit  Js  always  an  even  irade.    What  this  means 
Is  tha\  for  each  electron  leavi«§-ttTe^hegat1ve  end  of  tihe  battery,  there  must 
be  one  going  In  on  the  positive  end.    The  operation  1s  something  like  a  pipe 
filled  w\1th  balls:   when  a  ball  1s  added  to  one  end,  onf  comes  out  the  other. 
Study  the.  following  drawing. 


r 


ONE^OMES 


0UT 

\ 


/ 


ADD  ONE 


mxsrm 


BALL  MOVEMENT 
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The  flow  of  electric  current  can  be  measured  just  as  we  can  measure  water  flow 
in  gallons  per  minute.    The  measure  of  electric. current  flow  1s  the  ampere. 


'The  Ampere  (A) 

To  measure  the  flow  of  anything,  all  you  have  to  do  is  to  count  how  much  is 
going  by  a  given  place  1n  a  given  period  of  time.   We  know  that  in  the  electri- 
cal circuit  the  flaw  is  made  up  of  moving  electrons.    But  In  the  electrical 
circuit  it  takes  a  huge  amount  of  electrons  per  second  to  make  very  much 
happen.    Remember  the  coulomb?   Right,  ft  was  the  huge  amount  of  electrons  that 
we  use  to  measure  charge.    So  we  express  the  amount  of  current  flow  in  the 
number  of  coulombs  going  by  per  second.    Yo\must  realize  that  6.28  X  10  0 
electrons  are  a  lot  of  electrons.    One  ampere-then,  is  equal  to  one  coulomb 
passing  one  point  in  one  second.    To  measure  current  flow  in. amperes  we  must 
put  a  coulomb  counter  in  the  circuit.    To  do  th>^,  the  ammeter  must  be  placed 
to  check  on  all  of  the  current  flow.    The  ammeter  is  always  connected  1n  the  .. 
circuit  in  series.    Study  the  following  circuit  drawing. 


\ 


m  LIGHT  AND 
HEAT  ENERGY 


7 


LAMP 


AMMETER 


Notice  that  the  current  must  pass  through  the  ammeter,  on  through  the  lamp,  and 
back  to  the  battery.    The  voltmeter  1s  connected  across  the  battery  to  cheeky 
the  .battery's  voltage  when  it  1s  in  operation.    Let's  take  another  look  at  the 
circuit.    We  know  that  the  energy  1n  the  circuit  comes  from  the  stored  energy 
in  the  battery.    We  also  know  that  the  energy  that  we  are  using  takes/ the  form 
of  light  and  heat  from  the  lamp.    What  is  in  the  lamp  that  gives  us  the  type  of 
energy  tliat  we  want?   The  answer  is  resistance. 
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Resistance  (R) 

Inside  the  lamp  there  Is  a  tiny  wire  which  Is  made  of  tungsten.    Tungsten  Is  a 
metal  which  Is  electrical ly  conductive  but  much  less  so  than  conductors  like 
copper.    The  melting  point  of  tungsten  Is  so  high  that  It  takes  white  hot  heat 
to  melt  1t.    When  we  force  current  through  this  tiny  tungsten  wire,  the  force 
from  the  battery  gives  up  Its  energy  In  a  sort  of  electrical  friction.  The 
result  Is  high  heat  and  light.  t  It  Is  the  resistance  that  converts  the  energy 
Into  the  form  we  want.    Toasters,  electric  heaters,  hair  dryers,  electric 
stoves  and  ovens  are  other  examples  of  everyday  devices  which  use  resistance  to 
convert  electrical  energy  to  heat  and  light. 

There  Is  a  wide  range  of  resistance  levels  In  materials  that  we  class  as 
conductive.    Iron  has  six  times. more  resistance  than  copper.    Silver  Is  a 
better  conductor  than  copper  but  not  by  much.    Aluminum  is  not  as  good  a 
conductor  as  copper  but,  because  of  Its  low  cost  and  light  weight,  It  Is  used 
by  the  power  companies  for  power  lines. 

How  do  we  measure  resistance?    What,  Is  the  unit  of  measure  for  resistance? 
The  ohm  Is  the  unit  of  measurement.    fi  Is  the  symbol  for  the  ohm.  To 
understand  what  an  ohm  Is  we  can  look  at  It  In  two  ways. 


The  Ohm  (1) 

From  what  you  have  read  so  far  In  this  package  you  should  know  what  a  volt  and 
an  ampere  are.    If  we  hook  up  a  circuit  which  has  a  battery  with  one  volt 
output  to  a  resistance  that  will  allow  one  ampere  of  current  to  flow,  that 
resistance,  then,  Is  one  ohm.    Study  the  circuit  below* 


+ 


ItfXT  / 

IAMP 

+•- 

IVOLT 
cVUTERY 

V 

•f 

— it 

RESISTOR  MUST 
BE  ONE  OHM  (1^) 


Notice  that  there  Is  one  ampere  of  current  flow  with  one  volt  applied. 


11 


68 


EUBE-05 

Basics  of  Direct  Current 


The  Ohm  (2)  * 

The  other^  way  to  explain  an  ohm  1s  to  use  a  standard  component  that  we 'know 
has  one  'ohm  of  resistance.  z 

i, 

A  column  of  mercury  106.3  centimeters  high  and  one  millimeter  square  at  a 
temperature  of  0°  Celsius  has  one  ohm  resistance  end  to  end.    Study  the  drawing 
below.  * 


T 


SQUARE 


ONEOm 

.(I'M 


Take  another  look  at  that  column  of  mercury.  '  The  resistance  of  the  mercury  or 
any  other  material  depends  on  four  factors: 

1.  The  material  of  which  1t  1s  made.  .  +~       '  *  • 

2.  How  long  1t  1s. 

3.  The  cross-section  area. 

4.  The  temperature.  » 

All  of  these  four  factors  are  Important  to  review  when  circuits  are  designee)  to 
be  suce  that  the  connecting  wires  are  of  the  right  size.    If  the  wire  size  fs 
too  small,  they  may  heat  and  cause  damage  and  energy  loss. 
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Wire  Size 

When  wire  Is  made,  It  Is  sized  to  a  system  of  numbers  for  the  diameter  of  the 
copper  conductor.    To  understand  how  this  system  works  we  must  understand  how 
wire  is  made.    Wire  Is  drawn.    To  draw  wire  Is  to  pull  1t  through  a  hole  which 
squeezes  It  Into  a  smaller  diameter  and  makes  It  longer.    See  the  Illustration 
below. 


COPPER  WIRE 


SQUEEZE 


7—  RJLL 


SMALLER  DIAMETER 
DIE  PLATE 


» 

P 


The  holes  1n  the  die  plates  must  be  In  a  size  sequence  decreasing  gradually  so 
that  the  copper  will  pull  through  rather  than  snap  off.    It  Is  this  sequence 
that  gives  us  the  wire  size  number  system.    In  the  Illustration  below  there  Is 
a  part  of  a  wire  drawing  sequence  showing  four  steps. 


COPPER  WIRE 


DIE 


-PULL 


WIRE 
SIZE  NO.  4 

(WIRE SIZE"  MOT TD SCALE") 


When  we  select  a  given  wire-size  number,  that  number  Is  the  die  dumber  that  the 
wire  went  through  last.    The  dies  are  numbered  1n  the  order  that  the  wire  goes 
through  them.    This  means  that  the  hole  In  the  #1  die  is  larger  ttian'  the  hole 
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the  #2  die.    Number  one  size  wire,  then,  Is  larger  than  #2.    As  the  wire 
size  gets  smaller,  the  numbers  get  larger.    Number  0  wire  1s  almost  as  large  as 
a  pencil,  whereas,  number  36  wfre  Is  as  fine  as  hair. 

The  amount  of  current  (amps)  that  a  given  wire  size  can  carry  without  heating 
varies  somewhat,  but  here  Is  a  chart  with  some  examples  of  wire  size  and 
current  japaclty.    (Copper  wire.) 

#  6--50  amps 

#  8—40  amps  s  .        #  . 
#10—30  amps 

#12—20  amps 

#14-15  amps  % 

In  most  cases  copper  wire  comes  In  even  number  sizes.    The  smaller  the  size  of 
the  wire,  the  less  current  1t< canflfcarry.  « 

Measuring  Wire  Size  with  a  Wire  Gauge. 

The  wire  size  c&\  be  determined  by  the  use  of  a  wire  gauge.    The  name  of  the  wire 
gauge  that  Is  1n  general  use  Is  the  American  Wire  Gauge  (AWG).    The  drawing 
below  shows  the  AWG,    The  sizes  shown  start  at  #0  and  go  to  #11,  but  the  gauge 
continues  to  #36. 
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Notice  the  shape  of  the  cutouts  around  the  gauge, 


7 


The  cutout  1s  made  up  of  a  slot  cut  Into  a  hole.    To  properly  use  the  wire  * 
gauge  the  bare  round  wire  1s  tried  into  the  slots  until  one  1s  found  that  the 
w1re  Jy.Si.  fits.    The  hole  1s  not  "used  for  wire  measurement.  « 


Power  and  Energy 


WIRE  JUST 
FITS  IN  THE 
SLOT  (NOT 
THETlOLE) 


An  electrical  circuit  1s  a  system  of  transporting  power  from  one  place  to 
another.    On  the  Input  end  we  have  a  source  of  energy  which  1s  converted  Into 
electricity.    The  battery  does  this.    The  chemical  energy  produces  the  electrl 
cal  Imbalance.    Wires  are  connected  to  the  battery  which  lead  to  the  load  end 
of  the  circuit.    The  load  converts  the  electrlal  .energy  Into  the  form  that  we 
want.    The  loads  can  take  many  different  forms.    A  light  bulb  gives  us  light. 
An  electric  heater  gives  us  heat.  .The  electric  motor  gives  us  motion. 
How  can  we  measure  just  how  much  electrical  power  we  are  using  1n  a  device? 
Power  1s  explained  as  how  fast  energy  1s  used  to  do  work.    The  base  unit  for 
energy  1s  the  joule  and  the  bale  unit  of  time  1s  the  second.    Power,  then,  can 
be  measured  1n  the  joule  per  second.    The  name  given  to  this  joule  per  second 
measure  is  the  watt.    So  the  base  unit  of  electrical  power '1s  the  watt*  The 
symbol  used  1s  W  for  watts  and  P  for  power. 


I 
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Self-Test 


1.     Polarity  1s  Identified  by 

V  ■  * 
numbers.    \  a 
color  codeA        ,  '  * 

the  shape  of\term1na\  or  markings  of  +  or.-, 
the  method  ofVonnect1t)n. 

1on  producer  1n  the  battery  1s 

..  -    :;'  i 

a  coll  of  wire.  \ 

b.  aluminum  fo1 1 ..  \ 

c.  a  chemical  mix.  \ 

d.  a  tungsten  electrode.  \ 

3.  The  voltage  level  from.one  flashlight  battery  1s 

a.  2.5  volts.  \ 

b.  3  volts.  •  \ 
c  1  volt.                m  \ 
d.  1.5  volts.  \ 

4.  The  quantity  of  electrons  that  equaHone  coulomb  1s 

a.  1.414  X  10.  \ 

b.  "    3.14  X  10lfi.  \ 

c.  .6.28  X  lO1^.  \ 
.  d.     one  billion.        «  \ 

ampere  of  current  1s  equal  to  \    passing  one  point. 

**  \ 

one  joule  per  second  \ 
one  volt  per  coulomb  \ 
one  ohm  per  volt  \ 
one  coulomb  per  second  \ 

6.     The  electrical  factor  of  voltage  1s  explained  as 

a.  the  flow  of  electrons.  *'  \ 

b.  the  resistance  to  electron  flow.  \ 

c.  the  force  or  pressure.  \ 

d.  the  power  squared.   •  \  . 


a. 
b. 
c. 
d. 

2.  The 


5.  One 

a. 
b. 
c. 
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If  the  voltmeter  H  connected  In  reverse, 

a.  no  damage  wl 1 1  resul t. 

b.  the  reading  must  be  Inverted  to  be  correct. 

c.  the  meter  pointer  w1,1l  go  down  off-scale. 

d.  the  reading  will  be  1n  ohms.  s 

The  symbol  for  current  1s  > 

a.  A 

b.  •  R 

c.  P  - 

d.  I 

The  four  factors' that  determine  resistance  are 


a. 
b. 
c. 
d. 


In  the  w1re-s1z.e  number  system  . 

a.  the  larger  the  diameter  of  the  wire,  the  smaller  the  number. 

b.  the  smaller  the  wire  diameter,  the  smaller  the  number. 

c.  the  smaller  the  number,  the  longer  the  wire. 

d.  the  larger  th*w1re  diameter,  the  larger  the  number. 

The  ohm  Is  t|he  unit  of 'measure  of 

a.  power.  .  . 

b.  jjmperes. 

c.  battery  voltage. 

d.  resistance. 

The  unit  of  measure  of  electric  power  1s  the 

a.  ohm. 

b.  watt. 

c.  coulomb. 

d.  ampere. 
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Task 


r- 


X 


The  Complete  Circuit 

The  following  analogy  and  circuits  are  provided  for  your  study.    Look  at  each 
drawing  then  read  the  conclusion^.    Da  you  agree  with  them?    If  you  don't  or 
are  confused,  re-read  the  Information  sheets  and  try  again. 


POWER 

WATTS 
RE9ST/\NCEX  \ ,( 


OHMS 
FLOW— n  CURRENT 


OUTPUT(FOWEtf) 


~  FLOW -CURRENT 
•  AMPERES 


l. 

2. 

/ 

3. 
4. 
5. 
6. 
7. 


If  the  voltage  (pressure)  were  Increased  and  the  resistance  stayed  the 
same,  the  flow  would  Increase. 

The  resistance  restricts  the  flow. 

If  the  resistance  were  decreased,  the  flow  would  Increase. 

An  electric  lamp  1s  a  resistive  unit. 

If  the  voltage  were  reduced,  the  flow  would  decrease. 

If  the  voltage  were  Increased,  the  power  output  would  Increase* 

If  the  flow  decreased  and  the  voltage  stayed  the  same,' the  resistance 
would  Increase.  j 
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Complete  the  chart  below.  (F111  In  the  missing  arrows.) 

% 

This  means  that  the  value  has  Increased. 

This  means  that  the  value  has  decreased. 

This  means  that  the  value  has  stayed  the  same. 

Examples 

Voltage   Current  Resistance 

© '        '©         '  CM© 

In  this  caie,  1f  the  pressure  (voltage)  increased  and  the  current  stayed 
the  same,  the  resistance  must  have  Increased  to  keep  the  current  the  same. 

Below  ts  the  rest  of  the  chart.  Some  of  the  problems  are  done  for  you.  Check 
them  over,  then  complete  the  chart, 

» 

  Current  Resistance 


2. 

Voltage 

e 

3. 

4. 

0 

5. 

10 

6. 

i 


® 
© 

0 

O 


V 


Answers  :\^(J)      5.  (J)  6.(7) 
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a 

crs- 


E    SMALL  DIAMETER 
.HIGH  PRESSURE 


DELIVERY 


AMMETER 


URGE  DIAMETER 
LOW  PRESSURE 


DELIVERY 


\l 


1.  Both  circuits  in  A  and  B  have  the  same  energy  output  (power  output). 

2.  The  circuit  in  B  will  operate  only  half  as  long  as  circuit  A  will.  Energy 
reserve  in  circuit  A  1s  twice  that  of  circuit  B.  < 

3.  Circuit  A  has  more  energy  reserve  than  circuit  B. 


4. 

'5. 


6. 
7. 
8. 


There  fs  less  resistance  1n  circuit  B  than  1n  circuit  A. 
There  1s. more  current  flow  in  circuit  B  than  1n  circuit  A. 
The  applied  voltage  Js  higher  in  circuit  A  than  1n  circuit  B. 
The  amount  of  current  flow  increases  as  the  Resistance  Increases. 
The  current  flow  increases  as  the  resistance  decreases. 
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Final  Test 


1.  ;   Polarity  Is  represented  by  . 

a.  the  method  qV  connection.  / 

b.  the  shape  of  terminal  or  markings  of  +  or  -. 

c.  color  code. 

d.  numbers. 

• 

2.  The  1on  producer  ofa\battery  Is 

Y 

a.  a  coll  of  wire. 

b.  a  liquid. 
*     c     a  tungsten  electrode. 

d.     a  chemical  mix.  ,     •  •  ^ 

3.  Voltage  of  a  flashlight  battery  Is 

a.  3  volts. 

b.  1  volt.  \ 

c.  1.5  vol tSk  \ 

d.  2.5  volts.  y 

4.  The  amount  of  electrons  that  equals  one  coulomb  1s 

t 

a.  one  billion. 

b.  6.28  X  10.  ¥  _  

c.  6.28  X  lO18. 

d.  3.14  X  1018. 

5.  One  ampere  of  current  1s  equal  to.  "        passing  one  point. 

a.  one  ohm  per  volt  "«**-' 

b.  one  coulomb  per  second 

c.  one  joule  per  second  /  . 

d.  one  volt  per  coulomb  / * 

i 

i 

6.  Electrical  factor  of  voltage  Is  ^explained  as  » 

a.  the  flow  of  electrons.  / 

b.  the  resistance  to  electron  flow. 

c.  the  force  or  pressure.    /  .   *  • 

d.  .the  power  squared.        /      .        •  '  i 

*  j  .  I  ■ 

7.  If  the  voltmeter  1s  connected  In  reverse, 


a.  the  reading  will  be  In  ohms. 

b.  the  meter  pointer  will  go  down  off-scale. 

c.  the  reading  must  be  Inverted  to  be  correct. 

d.  no  damage  will  result. 
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*  >  •  a  •  ■ 

A  symbol  for  current  is 

a.  I  > 

b,  R  "  '        ^  \ 

c.  P  ^ 

d,  H 

The  four  factors  that  determine  resistance  are 
a. 

*.  '   

c.  . 

d.  ~~~  

 1  ,  ,  __  ,  » 

In  the  wire-size  numbering  system 

a.  the  larger  the  wire  diameter,  the  larger  the  number. 

b.  the  smaller  the  number,  the  longer  the  wire, 

c.  >  the  smaller  the  wire  diameter,  the  smaller  the  number. 

d.  the  larger  the  diameter  of  the  wire,  the  smaller  the  number. 

The  unit  of>measure  of  electric  power  1s  the 

a.  watt. 

b.  ampere. 

c.  ohm.  « 

d.  coulomb. 

« 

The  ohm  is  the  unit  of  measure  of 

a.  battery  voltage. 

b.  resistance. 

c.  amperes. 

d .  powe  r . 


\ 


H  "2 


El-BE-05 

Basics  of  Di^ct  Current 


Final  Evaluation 


The  Ffnal  Test  score  must  be  90%  or  better. 


OK 


Re -Do 


Task  Sheet  Score 
Final  Test  Score 


When  all  checks  indicate  OK,  proceed  to  the  next  learning  package. 
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Answers 


Answers  to  the  Self-Test 


1.  c 

2.  c  * 

3.  d 

4.  C 

5.  d 

6.  c  '  - 

7.  c  :  \-' 

8.  d 

9.  (in  any  order)  material,  temperature,  length,  cross-section  area, 
10.  a  •  ' 

11. 

12.  lb  1  * 
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INTRODUCTION  TO  CIRCUITS 


Goal: 


The  apprentice  will  be  able  to 
read  circuit  drawings  .and  diagrams. 


ERIC 


Performance  Indicators: 


1.  Read  schematic  diagrams  of 
electrical  circuits. 

2.  Read  pictorial  diagrams  of 
electrical  circuits . 

3.  Read  diagrams  of  parallel 
circuits. 

4.  Read  diagrams  of  series 
circuits. 
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Objectives 

Given: 

Schematic  or  circuit  diagrams  of  series 
and  parallel  circuits 

A  series  circuit  with  a  missing  or 
disconnected  wire 


A  parallel  circuit  where  one  component 
has  been  removed 


Four  questions  on  circuits 


The  student  will : 

Corinect  the  components  together 
according  to  the  diagram.  : 

Determine  whether  or  not  the 
current  Is  lost  In  each  of  the 
components. 

Determine  whether  or  not  the 
current  Is  lost  In  each  of  the" 
other  components. 

Answer  each  question  correctly. 


Directions 

Obtain  the  fallowing: 


1  each   82  ohm,  1/2  watt  resistor 

2  each    Type  #680.  pilot  lamp  (or  equivalent) 

1  each    DC  Voltage  Source  5V  or  0-15V  minimum  adjustable 
Interconnecting  wires  or  leads 


Learning  Activities 

Study  Keywords  1 1st, 


Read  Information  Sheets. 
Do  the  Self-Test.  ' 
Do  Tasks, 
o  the  Final  Test, 
fotaln  Final  Evaluation. 
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0      Key  Words 


C1 rcult :    A  group  of  electrical  components  and  interconnections, arranged  to 
§  perform  some  useful  function. 

Circuit  diagram;    The  same  as  a  schematic  diagram.    (See  below.) 

Electrical  components:    The  parts  of  devices  that  m|ke  up  electrical  circuits. 

Parallel  connection:  Two  or  more  components  connected  together  such  that  each 
component  Is  connected  between  or  across  the  same  two  points  1n  the  circuit. 

Pictorial  diagram:  A  drawing  of  how  electrical  components  are  Interconnected 
showing  actual  pictures  or  sketches  of  the  components  in  the  correct  locations 


for  assembly. 


r.- 


Series  connection:  Two  or  more]  components  connected  end  to  end  so  that  only 
one  end  of  any  component  connects  to  any  othen  component . 

Schematic  d1 a< 
interconnectec 


igram  (schematic) :  '  A  drawing  of  ho^  electrical  components  are 
»d  using  symbols  to  represent  the  components . 


Voltage  drop:    The  voltage  across  an  electrical  component  (other  than  a  source) 

7a 


caused  by  a  current  flowing  in  it. 


t 
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Information  Sheet 

iou  should  noW  have  enough  Information  on  voltage  sources  and  resistors  to 
connect- them  together  and  make  a  complete  circuit.    Before  you  get  too  involved, 
however,  you  should  learn  some  names  for  the  types,  of  circuits  you  will  see  and 
how  they  will  be  drawn  on  paper, 

A  schematic  diagram  or  schematic,  for  short,  is  a  drawing  of  electrical  compon- 
ents and  their  Interconnections  to  form  a  circuit.    Symbols  are  used  for  the 
components,  and  lines  are  used  for  the  Interconnecting  wires.    A  schematic  may 
also      called  a  circuit  diagram.    A  pictorial  diagram  1s  a  drawing  containing 
actual  sketches  of  the  components  Instead  of  symbols.    These  diagrams  are  used 
by  assembly 'peopl e  to  construct  electronic  equipment.    They  show  every  detail 
in  the  construction  Including  position  and  location  of  components  and  inter-  - 
connecting  w1 res. 


E 

I2V< 


R 
I50-* 
2W 


AAA 


R3  270^ 
IW 


I/2W  * 


Schematic  or  Circuit  Diagram 


E 


Pictorial  Diagram  .. 

A  schematic  or  circuit  diagram  1s  used  by  technicians  and  engineers  to  see  how 
the  components  are  interconnected.    The  schematic* gives  enough  Information  to 
allow  the  experienced  person  to  calculate  currents  and  voltages  that  will  be 
measured  when  the  complete  circuit  1s  energized.    In  the  circuits  you  will  be 
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cpnstructlng,  the  details  of  a  pictorial  diagram  will  not' be  important  and 
only  schematics  or  circuit  diagrams  will  be  used.  ■» 

There  are  two  different  ways  to  Interconnect  two  components f  series  or  parallel. 
If  only  one  end  of  each  component  is  connected  together,  they  are  connected  In 
series.    The  Interconnecting  wire  is  usually  not  drawn  so  that  the  ends  are 
just  shown  touching  each  other. 


Schematic  or  Circuit  Diagram 
of  Two  Series  Resistors 


Pictorial  Diagram  of  Two 
Series  Resistors 


or 


A/V  V\A 


INTERCONNECTING  WIRE 


I 


r 

„ 

If  the  components  are  connected  between  or  across  the  same  two  points,  they  are 
in  parallel. 


Schematic'or  Circuit  Diagram 
of  Two  Parallel  Resistors 


AAA 


AAA 


^-AAA- 


Pictorial  Diagram  of  Two 
Parallel  Resistors  < 


In  order  to  power  the  circuit,  a  v.o/Ttage  source  must  be  added  i    This  will  cause  , 
current  to  flow.    It&a  series; ;  circuit ,vtbe?jva.Vt«ge  source  is  connected  ^nd  to 
end  as  the  res1st$ir$'a$e.i  J/t&V  WrUy^i^ut't;. can  , have  many  nttjre. cqm^ohent*$:,%itt 
they  will  all  fee-  coan#cted;end  to*.etwi  Vn i4,tie  s^me^.way; 


In  the  ^jckage{c«|t<S--%wfc^^-B1  recr-^r^en t y% •ve>^iht'f'*dtfuced  to  an  ■'■    -v ;  T- 
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^OURCLOK  \    '  • 

PRESSURE  "\  •      RESISTANCE  TO  FLOW 
'         '  ^  -      LOSS  OF  PRESSURE  1 


WATER 
PUMP 


ELECTRICAL  RESISTANCE, 
VOLTAGE  DROP  4 

AAA  


WATER  TANK 


e  — 
+ 


ELECTRICAL  . 
RESISTANCE, 
VOLTAGE  DROP 

•  i 


I  is  electrical  current. 
E  is  source  of  voltage.  y 

The  water  pump  is  the  source  of  water  pressure  and  represents  the  source  of 4 
voltage.  Th€  flow  rate  (amount  of  water  flowing  per  ^second)  represents  the; 
electrical  current.  The  narrowing  of  the  pipe  resists  the  f]ow  of*  water  and 
represents  electrical  resistance. 

*  *  '- 

In  the  water  system  for  a" given  pump  pressure,  the  more  resistance  that  there 
is  to  the  flow  of  water,  the  less  the  flow  rate  will  be.  *    v  " 

Likewise  in  the  electrical  circuit,  the  more  resistance  1n  the  circuit,  t'he 
less  will  Be  the  current  fToV  a  given , voUaxfa  of  thfe  source.  - 

.  w^ter"  sy.Stem.^the  water  Is  flowing  atv  the  'same  flow  rate  anywhere  in  the 

system*  N.  If  It*  Is  tyo  gal  lons  peKsecond  coming  from  the  ^ump,  then  it  is  two 
\  v    gal  1 onS  -tier  second  anywhere "in  the  pipe  or  1n  the  return  path  through  the  water 

\\ankr   N"         '     »  ■     .    ■ .  • ,        "   r  *       :\  -    '  * 

v    .  Inxthfi  electrical ^circuit,  the  Current  is  the;  same  everywhere  1n  the  circuit. 
„.  #  it,  it  is  on«  ampere  out  of'the^Ttage'source;,  1 1  will  be  one  ampere  1n  each 
'inisji  stance  and'in  all.  the  Interconnecting  wires.    Remember  that  tone  ampere  is  * 
one*couVomb  per,  second  which  also  'equals  6,280,000,000  billion  electrons  per 

.second.  \  '•    ,      ...  *•.'•*•" 

The;  water  pressure  is  Jess  1n  the.narrovfer  plp'es;  /In  the  narrower  pipes  a 
u      lesser  amount  of  'water  has  to  flow  at"  a  greater  speed  to»mainta1n  the  same  flow 

rate/'  •  '  \   \  .{•>'•'  ••'•  A*"  ;.•'  ■' 

.  The  voltage -fs  less  aft^r  passing  each  r£$i 1*i)\Vh.e^ ^tect^l c*a  1  -  circuit.  The 
current  0/  rate.^bf  electron  ^ftow [<ot;^ he^cpuT.<rai\s\  pei^  sexond  s^tays  the  aafye. 
...   Just  -as  there  is  a  lo>s.  of  .pr^ss^re  at  $a*ch  narrowing 'Of 'the  pipe,  then*  1s  a; 
vol targe  loss,  across  each  c(es1  $^r^x1n-1tW  Cf.l^t^rl CAT  cl rcult •  •     1       .  » 

\\       .     '  \*      ;  .\     ■  ■  ■    ^      r;N      '.  y'    \   t  '$*  "  ','    '  *,VV  ' '.  \  .  \  ,  '.  •  • 

■\     In  a  paral  lel  electrical  c1  rcy-1 1  ,th*  vpl  Ugfc  poured  h  connected .v1n  paral  lei ,  \ 
.'that  is,  acr*6ss\  the,  same  tWo  po1nts\\  A  w^ter  rlbw  analogy  'of l\ar  parallel 
'%  circuit  1s  g1ver\  ne^t.    "    •     i.  •••\v*,.-,\v  .     V .  ■• 
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LOWER  RESISTANCE 
MORECURR^T 

— 


LESS  FLOW 


WATER  PUMP 

11 

T—  ^ 

E  VOLTS 

BETWEEN 

ROINTS 


AAA 


HIGHER  RESISTANCE 
LESS  CURRENT 


.Notice  that,  just  as  tlje  water  divides  into  separate  paths  in  the  water  pipes,, 
the  electrical  current  divides  into  separate  paths  tn  the  parallel  resistors. 

The  amount  oj  water  in  each  of  the 'separate  paths  adds  up  to  the  total  water 
^entering  or  leaving,    Less  water  flows  Into  the  narrower  pipe;  1t' has  more 
resistance  to  the  flow.    Li kewl se, the  electrical  currept  In  each  of  the  paral- 
lelresistors  adds  up  to/the  total  current  entering  or  leaving  the  parallel 
circuit.    Less  current  flows  1n  the  path  witto  the  largest  resistance.  Since 
each  resistor  is  connected  between  the  same  ;wo  points,  the  voltagels  the  same 
across  each  resistor.    The  voltage  source*1s  also  connected  between  those  two 
pointy,  so  the  resistors'  and  tfte*  lource  all  nave  the  voltage  of  the  Source 
across*  them.  .  *  -  4 

A  series  circuit  or  a  parallel  circuit  may  be  drawn  1n  different  ways  on  a 
schematic  or  circuit  'diagram  but  stilly  be  the  same  circuit.    The  following  * 
circuit  diagrams  off  d1  fferent  ways  of  drawing  the  same  series  circuit  and 
different  ways  of  drawing  the  same  parallel,  circuit  show  this.  "<*. 

Notice  that  th&  direction  of  each  current  1s  determined  by  the  polarity  of  the 
source.     '  .  %  _ 

Notice  that  the  end  of  the  resistor  where  the  current  enters  always  has  a 
negative  polarity  with  respect  to  the  other  end. 


Different  Ways  to  Draw  the  Same  Series  Circuit 
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Different  Ways  to  Draw  the  Same  Parallel  Circuit 


y 


indicates  where  wires  cross  but  do  not  touch  (are  not  attached) 


The. dots  indicate  locations , where  the  current  can-divide  or  separate  into  the 
different  paths  and  are  usually  shown  only  when  more  than  two  connections  are 
made  at  the  same  place.  ..  . 

Later  on  you  will  learn  that  you  can  make  other  circuits  that  are  combinations 
^of  series  and  parallel  circuits.    These  more  complicated  circuits  will  not  be 
"explained  now.    In  a  series'  d rcuit  if  only  one  interconnecting  wire  1s  broken 
or  removed,  the  current  will  go  to  zero  in  all  of  the  components  in  the  circuit, 
An  example  of  this  is  a  series  string  of  Christmas  tree  lights.    If  one  light 
burns  out,  all  of  the  lights  will  go  out.    This  1s  because,  when  a  light  burns 
out,  the  electrical  path  through  all  the  lights  1s  broken.    This  1s  like  a 
water  pipe  that  Is  plugged  up  so  that  water  cannot  pass  through.    The  flow  will 
stop  throughout  the  pipe.  "In  a  series  electrical  circuit  wheirrrvrrre  is  broken 
or  removed,  the  electron  flow  or  current  is  interrupted  and  current  is  stopped 
everywhere  in  the  circuit. 


NO  CURRENT       V  SERIES  CIRCUIT  " 

^  f\f\j\-~ 

CONNECTION  BROKEN 

£  In  a  parallel  circuit,  however,  if  one  of  the  components  other  than  the  source) 
s  is  opened  or-removed,  the  same  current  will  still  flow  in  the  others.    The  • 
total  current  coming  from  the  source  will  change,  however.    An  example  of  this 
"A  a  parallel  string  of  Christmas  tree  11ght£.    If  one  light  burns  out,  the 
.others  will  remain  lighted*    Another  example  1s  your  household  wiring.  Each 
outlet  is  in  parallel,  and  when  a  light  burns  out  in  your  house',,  the  others  « 
stay  1  ighted.  '  *  1  ■• 
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CURRENT  SAME 
"AS  B£FC 


CONN  ECf ION*  BROKEN 


NO 

CURRENT 


PARALLEL  CIRCUIT 


Using  the  water  analogy,  if  one  pipe  in  a  parallel  branch  of  pipes  is  plugged,  the 
other  pipes  will  still  carry  the  same  water  flow.    The  total  flow  will  be  less, 
however.  ,  '  . 
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Self-Test 

1.  A  circuit  drawing  that  uses*symbols  to  represent  'electrical  components  is 
called  a 

a.  pictorial  diagram.  ? 

b.  schematic  drawing.  . 

c.  resistor  drawing.  \. 

d.  photograph.  i  v' 

2.  Components  in  series  have  the  same  'L 

I' 

a.  current. 

b.  color.  , 

c.  voltage. 

d.  size.  -  v 


J 


3..     Components  1n  parallel  have  the  same 4 

a.  current. 

b.  color.  "  |  1 

c.  voltage. 
6\  size. 

4.  In  a  series  circuit,  if  a  connection  is  broken,  the  current  in  each 
component 

a.  increases. 

b.  . stays  the  same/  / 

c.  is  different. 

d.  goes  to  zero.  %  : 

5.  In  a  parallel  circuit,  ^f  only  one  resistor  is  removed,  the  currents  in 
the  others  ;  ,  . 

^     a.    stay  the  same. 

b.  1  go  to  zero. 

c.  increase., 

e.  are  removed. 
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Ta$k  A 


Series  Circuits 


Use  the  IS  volt  source  or  set  the  adjustable  source  to  15V.    Have  your 
instructor  check  that  the  voltage  is  correct. 

Connect  the  resistor  and  pilot  lamps  in  series  as  shown  on  the  schematic  using 
the  interconnecting  leads.    Have  your  instructor  check  your  connections. 


JL  #b80 


INCANDESCENT 
LAMP  SYMBOL 

»680  . 


Connect  the  voltage  source  and  notice  that  both  lamps,  are  lighted.  Have  your, 
instructor  check  that  your  connections  are«  correct  and  that  the  lamps  are  /» 
working  properly. 

'   .  \  ,  •  *  .  '  ' 

Remove\any  one  interconnecting  wire' and  notice  that  both  lamps'go  out.  This 

indicates  that  the  current  was  lost  in  all  parts  of  the  circtfit. 
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Task  B      Parallel  Circuit 

Use  the  5  volt  source  ,or  lower  the  adjustable  source  to  5Vi  Have  your  Instructor 
check  that  the  source  you  are  now. using  is  5  volts. 

t  "  *  ... 

Connect  the  resistor  and  pilot  lamps  in  parallel  according  to  the  schematic.  # 

Notice  that  both  lamps  are  Lighted  when  the  source  is  attached. 


*680 


Have  your  instructor  check  your  connections  and  that  the  lamps  are  working 
properly.    Remote  one  of  the  lamps  from  the  circuit  leaving  both  ends  of  the 
resisjbV  and  the  other  lamp  still  connected  to  the  source. 

Notice  that  the  remaining  lamp  is  still  lighted.    This  indicates  that  the 
current  was  lost  only  in  the  lamp  that  was  removed  and  not  in  any  other  parts  of 
the  paral  lei  circuit.  '  ,  . 
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Final  Test 


1.  Components  connected  such  that  the  same  current  flows  in  all  of  the  compqn 
ents  are  connected  1  n*   .  * 

2.  Components  connectd  such  that  the  same  voltage  is  across  each  of  the 
components  are  connected  in  i 

3.  In  a  series,  if  a  connection  between  two  components  is  broken,  the 

'   goes  to  zero  in  every  component  in  the  circuit. 

•  * 

4.  In  a  parallel  circuit,  if  one  of  the  resistances  is  removed,  the  currents 

in*  each'  of  the  other  resistances 

^  .   ■ — 
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Final  Evaluation 


Task  A 


Circuit  Is  wired  according  to  the  circuit 'diagram 
Task  B  •  •    •  ^ 

Circuit  is  wired  according  to  the  circuit  diagram 
Final' Test  questions  answered  correctly 


OK 


.  •  Re-Do 


i  • 


«  « 
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Answers 

Sel f-Test 

1.  (b)  schematic  diagram 
.2.     (a)  current 

3.  (cpvoltacfe 

4.  (d)  goes  to-  zero 

»  5.      (a)  sta*ys  the  same 
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Goal: 


Yh( *  ;ipj)rpnt  i re  wi<H   bo  able?  to 
rc»aci  sciilt»f5  oi  ploct  rical 
r,u?asur<u.u?nt    instruments,  ^ 
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Performance  Indicators: 


i . 

2. 
3. 


Read  volt. meter  sc.nl c. 
■•Read  atnneter  scale. 
'Read  olineter  scale. 
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Objectives 


Given":  The  student  will: 

^Information,  sheets  Correctly  record  measured  value 

indicated  by  drawing  of  each  scale. 

A  volt-ohm-mil  1 lammeter  ,  .-. 

Correctly  Identify  what  number  scale 

should  be  used  with  each  setting  of 

the  range  switch. 


Directions 

Obtain  the  following: 
VOM 


Learning  Activities 


Read  Information  Sheets. 
Do  Self -Tests. 
Do  Final  Test. 

r 

Do  Task.  -  J 
Obtain  Final.  Evaluation. 


1C2 


Information  Sheet  No.  1 
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Reading  Scales 


i'^The  ability  to  read  meters  properly  1s  very  Important  to  the  electronic  techni 
clan.  Much  time  can  be -lost  by  not  using  the  meter  or  byjnaccurate  readings. 
Although  readmg  scales  1s  not  difficult,  1t  Is  very  easy  to  make  a  mistake. 

Scales  you  are  already  usecTto  reading  are  rulers,  clocks,  and. automobi le  . 
speedometers.    Meters  are  used  to  measure  voltage  (volts),  current,  (amperes), 
and  resistance  (ohms).    A  "needle"  or  "poiqter"  moves  to  a  position  over  the 
markings  on  the  meter  face  to  indicate  the'amount  of  current  flowing  through 
the  meter. 
«  • 

The  markings  on  a-  mete/  face  are  similar  to  the  markings  on  the  face  of  a 
•  clock.         '  •  ' 


Figure  1-A 


Figure  lrB 


In  Figure  1A ,  if  the  minute  hand  1s  removed  from  the  clock,  we  would  estimate 
the  time  as  being  4:30  because  the  hour  hand  is  halfway  between  4  and  5. 

In  Figure  IB  the  meter  needle  is  pointing  halfway  between  the  five  and  the  next 
lower  mark  on  the  face  of  the  meter.    By  counting  the  equally  spaced  marks  we 
can  assume  that  the  reading  would  be  4.5  volts.    It  would  be  volts  because  the 
name  on  the  meter  Indicates  this.  ' 
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Using  this  reasoning,  determine  the  voltages' indicated  when  the  meter  needle 
points  tto  the  following  points. 


Figure  2 


In  Figure  2,  we  find  that  pointer  A  1s  two  equally-spaced  marks  to  the  left 
of  .the  5  volt  mark.    Since  there  are- ten- marks  between  the  zero  and  ten,  each., 
mark  equals  1  voU.-    Counting  from  the  5  volt  mark  to  the  1  eft ,.  we  see  that 
the  .first  two"  mar^s  represent  the  pointer  positions  for  4  volts  and  3  volts. 
Therefore,  pointer  A  reads  3  volts.    Pol nter-fir* however,  ts  between  the  4  and 
5  volt  marks.    By  estimating,  we  can  see  th'at  it  1s  about  1/4  of  a  division 
greater  than  4  volts.    This  voltage  can  be  estimated  as  4.25  volts.    Pointer  C 
1s  half  a  division  above  7  volts  or  at  7,5  or  7  1/2  volts.    Pointer  D  1s  at 
thefninth  division  and  indicates  9  volts.  j 


V 


Figure  3 


On*the  meter  face  in  Figure  3,  we  see  small  marks  between  the  larger  marks. 
The  small  marks  nowSndicate  the  half-volt  graduations  so  we  no  longer  have  to 


guess  where  they  arjj.    The  needle  now  indicates  6.5  volts. 
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*  Information  Sheet  No.  2 

Check  your  answers  and  make  sure  you  understand  before  you  .proceed.    vOMs  or  ' 
.  other  multifunction  meters  ..have  a  range  switch  that 'extends  the  Qperaiing  range 
of  thje  meter.    Without  the  range  switch  this  voltmeter  has  onl.y  a  (MOV  range. 
A  range  switch  might  look  like  Figure  4. 


(B)  100V 


(A), 
10V  1 


Figure  4 


(C) 
1000V 


We  now  have  two  new  ranges,  B.  and  C.    With  the  range  switch  at  B  (100V)  the 
meter  will  ha-ve  a  full-scale  reading  of  100  volts  so  we  multiply  all  of  our 
readings  by  10;  the  pointer  In  Figure  3  would  now  be  Indicating  65  volts. 
If  we  switched  to  the  1000V  range  (C) ,  the  reading  would  Indicate  650  volts 
(multiply  the  readlng^by  100).    The  range  switch  Indicates  the  full  scale 
>range  or  maximum  reading  of  the  meter.    Current,  or  ampere  ranges  follow  this 
same  rule  oh  ammeters. 


Range  ~ 


10 

A •>  -2.6V 
B  ■  4.6V 
C  ■*  7  V 
D  =  9.3V 


100 
A  *  26V 
B  =  46V 
C  »  70V 
D  -  93V 


1000, 
A  »  260V 
B  =  460V 
C  *  700V 
D  =  930V 
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EL-BE-12 
Reading  Scales 


Asstlme  the  range  switch  is  set  as  Indicated  for  each  meter. 
Tell  the  readings  . 


for  each  needle. 


1.    Range  100 
a._^  

'  *>.  

c.  ______ 

d. 


2.    Range  1000 
•  a . 

 . — t. 

b.  

c.  

d. 


3.    Range  10 

a.  

b.  

d. 


M 


4.    Range  100 

a.  

-b.  

d-. 


5.    Range  1000 
a. 

b.  

c.  _  

d. 


\ 


6.    Range  100 
a. 

b.  

d. 


•4.  < 


•V 


Information  Sheet  No.  3 


•EL-BE-12 
t  Reading  Scales 


Other  types  of  scales  may  also  be  printed  on  the' face  of  the  mete K  such  as 
resistance  or  ohms  (fl)  scale.    Voltage  or  current  meters  draw  the  power  to 
operate  themselves  from  the*  circuit  from  which  they  are  connected.  However, 
the  ohmmeter  has  an  Internal  battery  to  provide  current  «for  operation. 


,  -  figure  5  . 

A  typical  ohmmeter  scale  would  look.  Hke  Figure  5.    You  will  notice  that  the 
distance  between  land  2  1s  not  the. same  as  the  distance  between  4  and  5." 
Because  of  this,  we  say  that  scale  1s  nonlinear.    The*  scale  1n  Figure  3*  is 
linear  because  there  .is  equal  spacing  between  numbers.    In  Figure  5  tfhe 
ohmmeter  needle  fs  indicating  4.5  ohms  of  resistance, 


'      '    *  -  '  '.EL-BE-!? 

...  ^        Reading  Sca-les" 

Self-Test  No.  3  .       ,  \ 


mm^mmmmmm 


mm 


Information  Sheet  No:  4 


Xl  ftp 

xlO 


xlk 


I 

xlOOk 


•   Reading  Scales 


r 


Figure  ^ 


An  ohms  range  switch  might  Vt>okl1ke  Figure  6.. 


Figure  7 


These  positions  mean  that  any  reading  made  on  the  scale  should  be  multiplied  by 
the  number  of  times  Indicated  by  the  range  switch,  (xl  *  times  1)  (xlO  -  times 
10;  whatever  the  meter  reads  times  1,  10,  1000,  or  100,000,  etc.) 

t  • 
Our  former  reading  of  4,5  ohms  (Figure  5),  would'have  been  4,500-ohms  1  f* the 
switch  had  been  placed  as  shown  above  1n  Figure  6.  * 

Remember  k  ■  thousand,  so  lk  Is  1000.  . 
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Self-Test  No,  4  , 

Assume  $he  ohms  range  switch  Is  set  as  .Indicated  for  each  meter. 
Tell  the  readings 
for  each  needle. 

lO 


EL-BE-12 
Reading  Scales 


o 

ERIC 


1.    Range. XI 

a.  

.  b.  

C. 


2.    Range  X100 

a.  

b.  

c.  

d. 


j 

3.    Range  X10 
a. 

b.  

c.  

d. 


1 


4.    Range  X1K 

a .  

b. 

c.  

d. 


5.    Range  X10K 

a.  

b. 

c.  ^ 

d. 


6.    Range  X100K 

a.  

b.  

c .  ~"  ■ 

d. 


to 


\ 


u  111 


*  '  ,  •  EL-BE-1? 

Reading  Scales 

Information  Sheet  No.  5 

Some  range  switches  may  .also  Indicate  function  (DC  volts,  AC  volt's,  resistance, 
etc.).    Multimeters  have  more  than  one-  function.    Vol t-ohrn-mi  1  liammeters  (VOMS) 
have  three  basic  functions:    the  measurement  of  voltage  and  current  (AC  or  DC) 
and  resistance.    Some  VOMs  may  not  have  a  current  function..  Function  may  be  , 
determined  by  Input  plugs  for  the  test  leads  or  a  switch.  ^ 

The  first  thlng.you  must  "know,  when  using  a  meter  is  what  you  wish  to  measure*.  ♦ 
The  function  of  the  meter  must  be  sqt  properly.    Second,  you  must  know  where 
the*  range  switch  1s  set,  and  last,  what  the  scale  jeads.     '  6 

0  . 

Let's  try  looking  at  a  typical'  small  meter  scale  all  put  together.    Note  the  DC 
scale.    The  lower  side  goes  from  0-0.5  and  the  upper  side  goes  from  0  to  15. 
Your  range  switch  will  tell -you  which  side  to  read„.    The  AC  scale  also  has  a 
lower  and  upper  side  marked.    Note  that  the  R  scale  has  only  an  upper  side 
marked.  * 


»  ■  * 


Based  on  function  and  range,  .this  reading  could  mean  many  tilings.  If  the 
function  were  DC  volts  (DCVJ: 

t. 


13 
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EL-BE-12 
Reading  Scales 


y    To  obtain  reading: 


\ 


Multiply -15  range  reading  by  .1 
Multiply  .5  range  reading  by  10 

Multiply  .5  range  reading  by  100 
Multiply  1.5  range  reading  by  100 
.Multiply  .5  range  reading  by  1000* 


RANGE 


0.5  p  0.17V 


1.5 

5 


15 
50 
150 
500 


.  5V 
1.  7V 
5  V 


17 
50 
170 


V 
V 
V 


If  the  function  were  resistance  (R):    R  x  1     =  45 

J*  . 

\  R  x  10    «?  450  " 

R  x  100  -  4.5k 

♦  .R  x  lk    -    45k  " 

o  R  x  10k  «  450k  « 


\ 
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/ 


SelfTest  No.  5 


) 


\ 


EL-BE-12 
Reading  Scales 


Read  the  following  meters  according  to  the  function  and  range  indicated. 

1.    Function  DCV 
Range    15 ' 


Reading 


2.    Function  R 
Range  RxT** 


Reading 


3.    Function  ACV 
Range  5Cifi"~^ 


Reading 


4. 


Function  DCV 

Range  _5  

Reading 


5. 


Function  R 
Range  RXTT 
Reading 


6.    Function  DCV 
Range 
Reading 


.EL-BE-12 
Reading  Scales 


( 


7.    Function  R 
Range  RXOT 
Reading 


8.    Function  __R_ 
Range  Rxl 
Reading 


9.    Function  DCV 


Range  50 
Reading  ■ 


9 

ERIC 


10.    Function  ACV 


Range  50 
Reading 


11. 


Function  DCV 
Range  50*9 
Reading 


12. 


Function  DCV 
Range  1.5 
Reading" 


Final  Test 


1.    Function  _R_ 
Range  XI 


Reading 


2. '  Function  R 
'    Range  XlTT" 
Reading 


3.    Function  R 
Range  XlfflT 
Reading 


EL-BE-12 
Reading  Scales 


■I 


4.    Function  DCV 


Range  15 
Reading 


5.    Function  DCV 
Range  5 


Reading 


6.    Function  DCV 
Range  15 
Reading 


i  i  I; 


erJc 
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Reading  Scales 


7.    Function  \_ 
,   Range  XI 


Reading 


**  8.    Function  _R_ 
Range  X1K 


\ 


Reading 


Function  ACV 
Ranfe  500 
Reading 


10.    Function  R 
Range  XlTF 


Reading 


11;    Function  R 
Range  X,lffO~ 
Reading 


ft 


12.    Function  DCV 


Range  50 
Reading 


ERIC 
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Task 


tl.-Bh.-l? 
Reading  Scales 


There  ^a re 'a  number  of  different  b'rdnds  and  models  of  VOMS.  Many  ,of  t™ 
different  scales  and  ranges.  To  become  fami  1  iar  \/1th  your^eter  you  $ 
look  over  the  scales,  ranges',  and  function  selection. 

Obtain  the  following:  .     ,  .  •  •  ' 

VOM  '     *  '"  . 

-***  i 

-    Step  I  •  •        ;v  •  Y 

\  Study  the  four  top  scale.s  on  the  met  e  A  Write  1n  the  space  below  the  set  of 
,   numbers^  that  indicates  the  full  scale  reading  for  each  ran$e. 


0-'to 
0  to 
0  to 
0  to 


ohms  scale  » 
voltage  or  current 

* 

voltage  pr  current 
voltage  or, cur  rent 


Notice  how  this  meter  uses  a  switch  fir  test-lead  ^acks  for  different  ranges 
and  different  functions.  Jhe  functions,  which  are  explained  1n  more  detail 
1n  the  following  package,  are  usually  divided  Into  the  following  areas: 

DCV  '-^used  to  measure  DC  voltage 
ACV    -  used  to  measure  AC  voltage  * 
ft     -  used  to  measure  resistance 
DCmA  -  used  to  measure  current 

Within  each  function  will  be  several  ranges  beginning  with "very  low  values 
and  ending  at  very  high  values.  , 


Step  II 

List  the  number  of  ranges  for  each  fusion  from  your  meter. 


DCV             I  AGV 

 -H  j  i_t. 

DCmA 

ft 

0  to         '  j       0  tb  * 

 ,  U  

0  to  • 

R  x 

0  to           j      0  to 

i      ■    1   —  

0  to 

R  x 

0  to 

0  to 

0  to  ; 

R  x 

0  to           !       0  to 

'  T  1  

0  to         ^        R  x 

— <      ,  L-  1 

ERLC 
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E>BE-12 
Reading  Scales 


Step  III 

Complete  the  chart  *elow  by  listing  the  range  for  every  function  ,  the  number 
you  would  u£e  on  each  range  and  how  you  would  modify  the  number  io  fit  each 


range  so  thai  the  number  woi 

Example:    Say  youf  meter  ha: 
set  to  150,  you  wi 

% 

ild  Indicate  the  correct  value  of,  measurement. 

• 

»  a  scale  of  15  on  DC  volts,  and  your  range  was 
>uld  fill  out  the  chart  like  .this: 

•FUNCTION 

RANGES 

NUMBER  SCALE  USED 

EACH  NUMBER  IS  MULTIPLIED  BY" 

DC  Vol'ts 

• 

•     150  V. 

0  to  15  V- 

.  *  lfl 

— 

*  - 

FUNCTION 

NIIMRFR  SfiAl  F  USFD 

EACH  NUMBER  IS  MULTIPLIED  BY 

Ohms 

R  x 

A 

0  to 

 ^  ,  ^  ,  , 

* 

*> 

*  * 

R  x  ., 

0  to 

R  x  | 

0  to 

R  y 

l\    A  J 

f  T 

1  \ 

DC  Volts 

i 

1 

.v 

0  to 

\ 

♦ 

* 

* 

V, 

0  'to 

 -  1 

v 

0  to 

V 

0  to 

b  to 

9 

« 

AC  Volts" 

 V 

V 

0  to 

V 

0  to 

V  ' 

0  to 

DCmA 

mA 

0  to 

ft*   :  

mA  * 

fi  to 

mA 

O^o 

mA 

0  to 

 T — 

Step  IV 

Get  your  Instructor'^  evaluation  of  this  task. 
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Fii^l  Evaluation 


J 


Chart  f 11  fed  1n  correctly. 


* 

♦ 


EUBE-12- 
.      Reading,  Scales 


OK        RE-DO  ■ 
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EL-BE-12, 
Reading  Scales 


Answers 


Your  answers  mtfy.not  be  Identical  to  these,  but  if4 they  are  within  a  5  percent 
range  they  will  be  considered  correct. 


Answers 

-to  Self -Test  #1 

\  * 

:    Answers  to  Sel  f-«Test  #2-^ 

• 

1  *    a  ^ 

2  #  4 

J) 

2  V  ; 

•1 

a. 

15  V 

,    .4.  a. 

l,d  V 

b 

4  5V  , 

K 
u  • 

4  u      '  V 

b. 

30  V 

b. 

O  /  .  O.,  V 

c  • 

.  v»  • 

7  V  *  < 

r  ■ 

7  .5*  u 

• 

c. 

45  V 

c. 

d. 

.10  V  " 

d. 

8.5. V 

d. 

80  V 

75  V 

a:  a. 

1.5  V    .  5. 

a. 

.25  V 

2. 

a.  ';• 

200  V 

5.    a . 

"200  V  • 

b.* 

'3,75  V  .  '    '«  1 

b. 

1.75  V 

b. 

350  V 

.  b. 

350  V 

C.  ' 

71 

c. 

4.25  V  > 

c. 

600  V 

650  V 

d.  ' 

9  V  ' 

•d; 

7.75  V 

d. 

850  V 

875  V 

3.  a.- 

.5  V  6. 

•  a . 

.  4.  V 

3. 

a. 

2.5  V 

,  >. 

6.  a. 

15  V 

b: 

3.35  V    >     .  . 

•5  V 

b. 

4.5  V 

b. 

41  V 

c 

7.25.V  / 

c. 

6.5  V  ( 

c. 

7  V 

c. 

68,5  V 

•d 

/ 

9.5  V 

>  * 

d 

VJ  •  - 

9  75  V 

V 

d. 

9  V 

d. 

Answers 
\ 

to  Self-Test  #3 

Answers 

to  Self-Test  #4 

x  «      a  • 

150  n-     ,  4 

a  • 

250  ft  • 

1/ 

a. 

45 

4.  a. 

2?  R  O 

b. 

14   n-  . 

b* 
*j  * 

17  (1 

b. 

12 

b. 

7   k  0 

c . 

5.5  n 

c  • 

2.21  n 

c. 

3.8  n 

c. 

1   A  K  n 

d. 

1.19  n 

d. 

.39  0 

d. 

1.6  * 

d. 

•  4  k  ft 

2.  a. 

30  n  5. 

a. 

53  n 

2. 

a. 

3500  " 

5.  a. 

750  k  n 

*!b. 

7.8 

b. 

11.7  « 

b. 

1500  n 

b. 

190  k  n 

c . 

2.65  n 

c. 

4.75  n 

\ 

"c. 

360  " 

c. 

60  k 

d. 

.75  " 

d. 

1.9  n 

d. 

425  n 

d. 

8.25  k  « 

3.    a . 

10.1  fi'  6. 

a. 

22.5  n 

3. 

a. 

275*" 

6.  a. 

1900  k 

b. 

4.5 

b. 

4. 25 

b. 

74  " 

b. 

1150  k  n 

c. 

1.6  « 

c. 

1.24  n 

c. 

21.8 

c. 

7^)0  k*o 

d. 

.3  « 

d. 

-.145  n 

d. 

3  £1 

d. 

360  k  (I 

Answers  to  Self-Test  #5 


1. 

2. 


4. 
5.- 

6. 

7. 

8. 

9.' 
10. 
11. 
12. 


8  V 
1.5  n 

135  V 
.6  V 
32.5  k 
90  V  . 
4450*fi 
3  ."5  (I  ■ 
.23.5  V 
18.5  V 
350  V 
1.05  V 
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Goal: 


The  apprentice  will  be^able  to 
use  a  VOM  for  electrical 
measurement. 


O  - 

ERsLC 


■V: 


Performance  Indicators: 


1.  Identify  parts  of  a  VOM  and 
their  functions 

2.  Measufe  voltage  with  VOM. 

3.  Measure  resistance  with 'VOM, 

4.  Measure  current   with  VOM/ 


♦ 
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Objectives 

Given: 

Information  Sheets. 

A  VOM,  complete  with  resistors  • 
and  a  power  source. 


ELBE-13 
Using  a  VOM 


The  student  wll 1 : 

Answer  6  test  questions  on  the  .basic 
parts  of  the  meter.  w 

Complete  a  Task  for  measuring  DC  voltage. 

Complete  a  Task  for  measuring  AC  voltage. 

Comp)ete  a  Task  for  measuring  resistance. 

Complete  a  Task  for  measuring  current. 


Directions 

Obtain  the  following: 

VOM.  .  *  ' 

A  resistor  assortment. 

A  voltage  source  (this  unlt^has  been  preassembled  by  your  Instructor) 

■     •     '  ) 


Learning  Activities 

  Re'ad  ?he  Key  Words  list.  * 

 •  Read  the  general  description  of  the  VOM  In  the  Information  Sheets. 

_   Complete  the  Self-Te*jt  on  the  basics  of  t&e  VOM. 

  Complete  a  Task  on  measuring  DC  voltage. 

  Complete  a  Task  on  measuring  AC  voltage. 

  Complete  a  Task  on  measuring  resistance* 

  Complete  a  Task  on  measuring  current.*  •+ 

  Obtain  Final  Evaluation* 
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EL-BE-13 
Using  a  VOM 


Key  Words 


VOM:    Abbreviation  for  volt-ohm-m1l Hammeter.    A  meter  than  can  measure  volt- 
age, current,  and  resistance. 

Polarity  Switch;    A  switch  which  selects  +DC  or  -DC  depending  on  whether  you 
are  measuring  positive  or>  negative  voltage.    The  +  Indicates  a  positive  voltage 
and  the-  Indicates  a  negative  voltage. 

Function-Range  Switch:  A  switch  which  selects  the  function  of  current,  voltage, 
or  resistance  and  the  maximum  amount  to  be  measured.  % 

Ohms-or  Zero-Adjust;    A  knob  used  to  adjust  tfhe  meter  when  measuring  resistance; 
Since  the  battery  Inside  your  meter  supplies  power  to  the  circuit  when  you  are 
measuring  resistance ,  adjustments  have  to  be  made  for  the  various  conditions  of 
the  battery.  . 

Input  Jacks:    The  place  where  the  test  leads  are  Inserted— the  red  lead  going 
into  the  V-n-A  jack  and  the  black  lead  going  Into  the  "common"  jack. 

Meter  Scales:  .  The  lines  marked  with  small  divisions  that  show  the  amount 
measured.    A*  ruler  1s  a  type  of  scale  used^to  measure  distance.    A  meter  scale 
Is  a  type  of  scale  used  to  measure  voltage »  current,  or  resistance. 

Te^st  Leads:  The  wires  that  are  used  to  connect  different  parts  of  a  circuit  to 
the  meter  to  make  a  measurement.  * 
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EUBE-13 
Using  a  VQM 


Information  Sheet  No.  1  ; 

General^  description  of  the  volt-ohm-mil  11  ammeter. y  C6mmerc1al  models  of  the 
volt-ohm-mllllammeter  (VOM)  multimeter  are  able  to  measure  direct  and  alter- 
nating voltages,  direct  current,  and  resistance. vvAdd1tional  functions  are 
sometimes  Included.    A  wide  variety  of  models  are  available. 


POLARITY 
SWITCH 


M'S 
ZERO 

ADJUSTMENT 


RANGE  SWITCH 
AND  FUNCTION 
SWITCH 


INPUT 
JACKS 


r 


o 
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IL-BF-13 
Using  a  VOM 


Most  VOMS  have  several  features  1n  common.    They  are  the  following: 

1.    Polarity  Switch  selects  +DC,  -DC  or  AC  depending  on  what  1t  1s  you  are 
going  to  measure.    (See  drawing  for  a  typical  example.)        *  v 


r  r 


POLARITY  SWITCH 


INPUT  JACKS 


ZERO  ADJUSTMENT 


FUNCTION  -RANGE  SW/TCH 


3. 


2«  *  Function-Range  Switch  selects  the  function  (current,  voltage,  or  resis- 
tance) and  the  range  to  be  measured  (100  mfit  or  10  mA,  etc.).    Only  one  of  * 
the  ranges  can  be  selected  at  one  time. 

Ohms  Adjust  (sometimes  called  zero -ohms)  is  a  variable  resistance  1n  the 
ohmmeter  \lrcu1t .    It  1s  used  to  adjust  the  meter  when  measuring  ohms  to 
allow  for*hanges  1n  the  voltage  of  the  Internal  batteries.    It  1s  adjusted 
with  the  rarvge  switch  on  any  resistance  range  so  that  the  needle  points  to 
zero  on  the  ohms  scale  (usually  on  the  right  side)  when  the  leads  are* 
touched  (shorted)  together.    The  meter  1s  adjusted  to  zero  because  at  this 
time  there  1s  no  resistance  between  the  leads  of  the  meter.    This  adjust- 
ment must  usually  be  made  whenever  the  resistance  range  is  changed. 
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4.  Input  Jacks  are  the  places  on  the  meter  where  the  test  leads  are  connected. 
They  are  all  clearly  labeled,  and  1f  there  1s  any  question  as  their  usage, 
consult  the  Operator's  Manual  for  specific  Information.   Most  measurements 
are. made  by  using  the  +  and  -  (common)  jacks. 

« 

5.  Meter  Scales  are  like  a  curved  ruler  and  are  marked  with  small  divisions 
— "  from  whlcTWuernray  ire  read.      —  - 

6.  Test  Leads  are  the  wires  that  are  used  to  connect  the  meter  to  the  circuit 
under  test.    The  red  lead  1s  considered  positive  (+),  and  the  black  lead  1s 
negative  (±)  or  common.   Connecting  these  leads  correctly  1s  called  observ- 
ing correct  polarity.    Incorrect  polarity  1n  DC  circuits  will  cause  the 
needle  to  deflect  or  move ^backwards ,  and  damage  could  result.    In  AC 
circuits,  polarity  1s  not  Important.  f  *>• 

A1JI  VOMS  have' one  thing  1n  common:    they  have  a  very  sensitive  meter  movement. 
The  meter's  range  and  function  are  changed  to  measure  various  voltages  and 
currents.  ' 


\ 
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Self-Test  ^ 


General  -description  of  the  volt-ohm-m1l 1 lammeter 
(Select,  from  answers  at  bottom  of  page.) 

1.  Polarity  Switch  

2.  Function-Range  Switch  _ 

3 *    Ohms  Adjust   *   

4.    Input  Jacks  ■ 


5.  Meter  Scales 

6.  Test  Leads 


a.  .  Used  to  adjust  the  meter  whep  measuring  ohms. 

b.  Wires  that  are  used  to  connect  the  meter  to  the  circuit. 

c.  Selects  +DC,  -DC,  depending  on  what  you  are*go1ng  to  measure. 

d.  Marked  with  small  divisions  from  which  values  may  be  read. 

e.  Selects  voltage,  current,  or  resistance  and  the  maximum  amount  to  be 
measured. 

f.  Places  on  the  meter  where  the  test  leads  are  connected. 

<    -  >* 
•  /'     •  '  ^  - 

'        *        *  . 

;  .,         .  '  ..''/  \ 

!  '  ■> 

7..  . 
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Information  Sheet  No.  2  x 

General  procedure  for  using  a  VOM  to  measure  voltage  .  • 

The  following  Is  an  outline  of  the  basic  parts  of  the  meter  used  to  measure  DC 
voltages  and  the  general  procedure  for  measuring  voltage  with  a  VOM  or  multi- 
meter.   This  will  fit  the  most  common  types  of  meters  with  few  variations. 

1.  Needle  Adjustment    For  the'  meter  Indications  to  be  as  accurate  as  pos- 
sible,  the  needle  should  rest  directly  over  zero  on  theleft  side  of  the 
scale  when  the  meter  1s  disconnected.    If  the  needle  does  not  sit  directly 
over  zero  on  the  left,  1t  should  be  adjusted  only  by  someone  who  knows  the 
proper  method  of  setting  the  meter. 

2.  Lead  Placement    Place  the.  leads  1n  the  proper  Input  jacks.    The  leads,  are 
connected  red  to  positive  (+),  and  the  black  to  negative  (-)  or  common. 

3.  Polarity  Switch    If  your  meter  1s  equipped  with  a  polarity  switch,  turn  it 
to  the  position  that  represents  the'lype  of  voltage  you  are  measuring"  .(AC 
or  DC).    Ifythe  voltage  under  measure  1s  DC,  have  the  switch  on' DC+  for 
measurements.    The  DC-  1s  used  only  1n  special  cases  such  as  when  you  are 

?  measuring  negative  DC  voltages.    On  meters  that  have  "AC  volts"  and  "DC 
volts"  Included  on  the  range  switch,  be  sure  to  select  the  correct  ranges  as 
well  as  the  type  of  voltage. 

4.  Function-Range  Switch   Turn  this  switch  to  the  highest  .voltage,  ra^ge.  This 
step  should  be  done  when  measuring  any  voltages  unless  you  are  definitely 
sure  that  the  voltage  will  not  exceed  the,  range  voltage. 

5.  Connecting  the  Meter   Always  turn  off  the  power  when  making  a  connection  to 
provide  for  personal  safety.    The  leads  are  connected  across  (1n  parallelf* 
with)  the  part  of  the  circuit  under  test.    In  DC  measurements,  you  connect 
the  black  lead  to  the  most  negative  point  of  the  circuit  and  the  red  lead 
to  the  most  positive  point.    If  you  are  unsure  of  the  connection,  consult 
your  Instructor.  ^ 

6.  Circuit  On    If  the  voltage  reading  is  within  a  lower  range  (in  the  lower 
1/4  of  the  scale),  turn  the  range  switch  down  until  the  needle  moves  above 
the  1/4  scale  mark.    Be  careful  not  to  turn  down  more  than  one  range  step 
at  a  time. 

*  '\ 

7.  After  the  reading  has  been  made,  turn  the  circuit  off,  remove  the  meter, 

and  turn  the  meter  to  "OFF"  or  to  the  highest  range  to  protect  the  meter. 
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IMPORTANT 


( 


General  precautions  should.be  followed  with  the  VOM  as  with  any  other  meter. 
Some  of  these  are  as  follows : 

/  .       •  /:  [  ;   

When  measuring  voltage,  the  circuit  Ts  necessarily  affve,  so  keep  one  hand 
in  your  pocket.    This  1s  a  safety  precaution.    If  you  use  two  hands  con- 
necting the  meter  to  a  circuit,  you  are  plac1ngryourself  1n  parallel  with 
the  circuit  and.  may  have  a  short  circuit  through  your  body.   When  electri- 
city passes  through  your  heart,  1t  can,  and  probably  will,  cause  severe 
shock  and  possibly  death.    Do  not  be  afraid  of  electricity;  RESPECT  IT! 


When  measuring  voltage,  do  not  have  the  meter  set  to  measure  ohms  or  milllamps, 


  ag  , 

>as.  you  will,  damage  tne  meter. 
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Task  A 


Equipment: 
One  VOM 

One  DC  voltage  source 


Procedure: 

1.  Set  meter  function  range  switch  for  highest  +DC  volts  range,  and  hook  up 
test  leads  (red  to  plus  and  black  to  minus).    Have  instructor  check. 

2.  *  P'lug  in  your  voltage  source  and  locate  the  "common"  and  30  VOC  terminals. 

3.  Connect  your. black  lead  to  the  "common"  terminal  and  your  red  lead  to*  the 
"+"  terminal .  v 

4.  Does  your  meter  needle  move?    If  not,  you  may  be  on  too  high  a  range* 
Slowly  switch  the  range  switch  to  lower  ranges  one  at  a  time  until  your 
needle  moves  up  to  the  center  part  of  the  scale.    DO  NOT  60  OFF  SCALE  OR 
YOU  MAY  DAMAGE  YOUR  METER! !    (When  the  needle  starts  to  move  up  onto  thev 
scale,  stop  and  read  the  value  to  make  sure  it  does  not  exceed  the  range 
of  the  next  lower  range).    USE  THE  SCALE  THAT  "FITS"  YOUR  RANGE  SETTING. 

How  much  voltage  did  you  measure?   


If  you  measured  about- 30  volts  DC,  then  continue  on  "and  measure  the 
remaining  DC  voltages  as  marked  on  the  source.    Record  your  measurements 
in  the  chart  below. 


TERMINAL  VOLTAGE 

MEASURED  VOLTAGE 

INSTRUCTOR'S  OK 

30  VDC 

18  VOC 

12  VDC  . 

5  VDC 

5.    Get  your  instructor's  evaluation. 

This  may  seem  very  easy,  to  you,  but  it  takes  a  lots  of  practice  to  make 
accurate  voltage  measurements,  and  many  mistakes  can  be  made  -  TAKE  TIME 
and  CARE. 
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Task  B 


Equipment:  1  » 

One  VOM  .       j  '•  ' 

One  AC  voltage  source,    .      1  L 

Procedure:       '  .„ 

1.  Set  meter  function -range  switch  for  highest  AC  range.   Hook  up  test  leads 
1n  proper  Input  jacks  (have  Instructor  check). 

2.  Plug  in  Voltage  source  and  locate  the  AC  terminals. 

3r    Connect  test  leads  to  AC;term1nals  of  your  voltage  source  (on  AC, 
polarity  does  not  matter).  ^  \ 

4.  Observe  scale  and  reduce  ranges  slowly  one  step  at  a  time  until  the 
.needle  rests  In  the" upper  half  of  the  scale. 

5.  Record  your  reading  and  range  for  AC. 


RANGE 


AC 


VOLTAGE, 


TV 


Have  Instructor  evaluate> 


/ .- 


.  ! 
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General  Procedures  for  using  a  VOM  to  measure  resistance 

•  / 

The  following  Is  an  outline  of  the  basic  parts  of  the  meter  used  to7  measure 
resistance.  - 

•  f-  . 

Wlieh  measuring  resistance  wltn  the  V0M  or  multimeter,  it  ts  necessary  to  follow 
certain  general  procedures.    These  are  as  follows: 

1.  Lead  Placement    Place  the  leads  into  the  proper  input  jacks.    These  will  be 
#the  +  (or  V-  fi -A)  and  -  jacks,  as  used  for  most  other  measurements. 

'  \ 

2.  Polarity  Switch   This  switch  is  placed  1n  the  DC+  position,  as  the  meter 
will  not  work  properly  when  on  AC  fc^C-. 

3.  Meter  Zero   The  meter  must  be  set  to  zero  to  measure  resistance.  Nearly 
all  VOMs  have  the  highest  resistance  where  the  smallest  current  flows. 
The  highest  resistance  readings  are,  therefore,  on  the  left  of  the  scale 
and  the  VOM  usually  does  not  have  an  adjustment  for  this  §1de.    The  meter- 
zero  allows  the  operator  to  set  the  meter  so  most- current  1s  flowing  when 
the  resistance  is  zero.    This 'adjustment  1s  made  as  follows: 

;Step  a:    With  the  range  swit'ch  on  the  resistance  range  desired,  touch  the 
two  leads ^together  (short  circuit). 

Step  b:    Move  the  zero  adjustment  so  the  needle  pdlnts  over  the  extreme 
.  right  hand  side  to  zera  on  the  ohms  scale. 

Step  c:    Disconnect  the  leads.    Do  not  leave  the  leads  shorted  together,  as 
this  will  run  down  the  battery  1n  the  meter!   •  '  '  ■ 

Fuhction-Range  Switch   This  switch  may  be  placed  on  any  range  desired  for 
resistance  measurements.    The  range  switch  selects  the  multiplier  for  the 
meter.    To  find  the  actual  resistance  of  the  circuit,  take  the  reading  from 
the  meter  scale  and  multiply  1t  by  the  number  on  the  range.    For  example, 
if  the  reading  on  the  VOM  1s  2.2  and  the  range  1s  R  x  100,  the  value  would 
.  be  2.2  times*  100,  or  220.  '.  .    .  ' 

5.    Read  the  meter  scale  and  multiply  by  the  number  Indicated  on  the  range 

setting,  and  record  the  Value  if  necessary.  (If  a  range  setting-adjustment 
Is  necessary  for  a  goocj  reading  (in  the  center  two-thirds  of  the  sca"le),  be 
sure  to  check  zero  ohms  again  at  the  new  range  setting).  * 


4. 


6. 


When  finished  with  the  readings,  turn  the  meter  to  the  "OFF"  position  or  to 
the  highest  voltage  range  to  protect  the  meter. 
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Task  C 

Equipment:  . 
One  VOM 

One  resistor  assortment  (at  leasjt  10  resistors) 
Procedure: 

You  are  going  to  measure  the  resistance  of  some  resistors  that  may  have  a 
wide  nange  of  values.    NOTE:    All  the  ohms  ranges  go  from  zero  to  Infinity 
(oo).    There  are  two  things  to  remember:    1)  Your  most  accurate  reading 
will  be  1ri  the  center  two-thirds  of  the  meter  scale  so  you  want  to  select 
the  range  that  will  get  you  1n  that  area  1f  possible.    2)  You  must  "zero" 
your  meter  every  t1imf>you  change  ranges.    (See  step  3). 

1..    Insert  test  leads  Into  proper  Jn put  jacks.  ' 

Select  resistance  range. 

-  * 

<  ; 

Zero  your  meter  on  this  range. 

A.  Connedt  leads  together  (short). 

B.  .  'Slowly  turn  "ohms  adjust"  knob  until  the  needle  1s  exactly^ver 
the  zero  of  ^the'ohms  scale.    If  the  needle  won't  go  all  the  way  to 
zero  on  a  certain  range  (usually  a  lower  range),  have  your  v 
Instructor  check  it.  ^ou  may  need  a  new  battery  in  your  meter. 

Touch  the  test  leads  to  each  end  of 'the  resistors  and  carefully  read 
each  v.alue"and£chart  below.    Also  11st  the  color-code  value  for 
each. 


.COLOR-CODED  VALUE  METER  READING 
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General  Procedunf  for  Using  a  VOM  to  Measure  Current 

The  following  1s  an  outline  of  the  basic  parts  of  the  meter  used  to  measure 
current.  '  , 

When  measuring  current  with  a  VOM,  1t  1s  necessary  to  follow  certain  general 
procedures^  Typical  procedures  for  measuring  mllHamperes  are  as  follows: 

1.  Lead  Placement    Place  the  leads  1n  the  proper  Input  jacks.    Usually  the 
leads  are  connected  to  the. +  and  -  jacVs  ,  as  before  for  mil  11  amps.  'Other 
jacks  for  amps  or  for  mlcroamps  are  available  when  reading  these  respec- 
tive values  if  current.  .  v  . 

2.  .  Polarity  Switch   This  switch  1s  to  be >.  DC+ ,  >as  the  VOMs  do  not  usually 

measure  AC  current.    .  ,  ; 

Function-Range  Switch  Turn  this  switch  to  the  highest  range.  This  step 
should  be  done  when  measuring  any  current,  unless  you  are  definitely  sur 
that  the  current  will  be  less  than  maximum  for  a  lower  range. 

Meter  Connection   To  be  measured,  all  of  the  current  that  flows  through 
the  component  must  also  go  through  the  meter.    To  make  this  possible,  1t 
1s  necessary  to  open  the  circuit  and  Insert  trie  meter  1n  series.    Do  not 
connect  as  a  voltmeter  or  ohmmeter  or  you  will  probably  damage  the~mete7. 
Assume  we  have  the  circuit  of.  Figure  1,  and  we  wish  to  measure  the  current 
at  point  B. 
s 

A       RESISTOR  B 

-W  :  *  —  

VOLTAGE  SOURCE 


3. 


4. 


re 


-  + 


n 


Figure  1 

Break  the  circuit  at  point  B  as  shown  1n  Figure  2 


A  RESISTOR  B 
0n-  ;  »/yy/v   ^ 


VOLTAGE  SOURCE 


-  4- 

Figure  2 
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Connect  the  meterv^if  shown  1n  Figure  3  with  the  negative  lead  toward  the 
negative  side  of/tihe  circuit  (point  B,  1n  this  case)  and  the  positive  lead  to 
the  positive  side  of  the  circuit  (shown  as' point  C).  | 


A  *  B- 
t  /\AA 

RESISTC 


-  + 


V0LTA6E 
SOURCE 


+ 


Figure  3 


5. 


Voltage  On  With  the  voltage  turned  on,  the  current  1slflowJng  through  the 
circuit .    If  the  needle  does  not  go  above  one  quarter  of  the  scale,  turn 
the  range  switch  down  one  range  at  a  time  until  the  needle  moves  into  the 
middle  or  upper  half  of  the  scale.    (Figure  4.)  * 


 AAA 

RESISTC 


TOR 


_  + 


l/OUAGE 
SOURCE 


Figure  4 
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Voltage  Off  Turn  off  the  voltage,  remove  the  meter,  and  turn  the  meter 
"OFF"  or  to  the  highest  voltage  range  to  protect  the  VOM.    Switching  to  the 
highest  voltage  range  switches  out  the  ohmmeter  arid  the  ammeter  sections  of 
the  VOM.    Both  the  ohmmeter  and, ammeter  sections  can  be  easily  damaged  by  ' 
external  voltages.   Only  switch  to  the  ohmmeter  or  ammeter  sections  when 
you* need  them.    Otherwise  switch  to  "OFT"  or  to  a  high  voltage  range  for 
protection  of  ttie  meter. 

V  \ 


IMPORTANT 


Since  1t  1s  very  easy  to  damage  the  meter  when  attempting  to  measure 
current,  1t  is  Important,  to  use  extreme  caution  when  using  the  current 
function.    Many  meters  measure  only  up  to  1/2  amp  (500  mllllamps).  .So 
don't  measure  ANY  CURRENT  you  are  not  sure  is  within  the  range  of  your 
meter!!    (Oie-half  amp  1s  NOT  MUCH.)    Another  common  error  1s  placing  your 
test  leads  across  a  voltage  drop  (in  parallel  to  the  load).    The  current 
function  on  your  meter  acts  like  a  short  circuit  and  must  be  1n  series  with 
the  load,  whereas  your  volt  functions  tend  to  act  Hke  an  open  switch. 

{  ' 


CURRENT 
.  METER 


VOLTAGE  . 
METER  * 


PEN  SWITCH 
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Task  D 

Equipment: 

* 

One  VOM  \        7  ' 
One  voltage  source 
Four  resistors,  1/2  watt 

Procedure: 

1.    List  the  ranges  on  your  meter  for  current  (DC  mA)  starting  with  highest 
first. 

HIGHEST 


V 


One  100ft 
One  lk 
One  10k 
One  100k 


i 

 _  *N 


LOWEST 


Now,  in  the  right  hand  column,  record  the  highest  point  on  this  scale  that 
your  needle  can' read  to  be  able  to  switch  safely  to  the  next  lower  range. 
For  Instance,  say  you  have  ranges  500  mA,  250  mA,  100  mA,  50  mA,  10  mA,  5  mA. 


RANGES 


500  mA 


25Q  mA 


100  mA 


50  mA 


10  jnA 
5  mA 


HIGHEST  SAFE  READING  AT  WHICH  TO 
SWITCH  DOWN  TO  NEXT  LOWER  SCALE. 


250 


> 

i 
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4.  When  approved,  hook  up  red  lead  and  adjust  range,  switch  CAREFULLY^  until  you 
can  make  your  reading. 

5.  Retord  this  current:    ,.  •  / 


You  should  measure  somewhere  around  50  mA.  If  you  do  not  get  anywhere  near 
this  value,  consult  your  Instructor  before  proceeding. 

If  yourvreading  checks  out,  proceed  to  use  the  remaining  resistors.  Record 
each  measurement  in  the  chart  below. 


RESISTOR  CURRENT  MEASURED  INSTRUCTOR'S  OK 

16k  2 

iot  — ~~  : 
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The  highest  safe  point  on  the  500  mA  scale  would  be  250  so  we  would  put  250  ^ 
'     in  - the  right  hand  column.    If,  the  needle  goes  above  that  point,  it  would 
damage  the* meter  1f  you  switched  to  the  next  lower  range. 

Have  your  Instructor  check  your  understanding* of  this  before  proceeding. 

2.  Set  current  function  to  highest  range  and  place  test  leads  1n  proper  input 
jacks. 

3.  Plug  1n  voltage  source  and  determine  'common'  and  5  volt  DC  terminals. 
Connect  your  100    resistor  to  the  5  volt  terminal  and  your  black  test  lead 
to  the  common  terminal  of  your  voltage  source.,  DO  NUT  CONNECT  YOUR  RED 
TEST  LEAD.    Call  Instructor  to  check  proper  set  up  of  the  following:^ 

Meter  range  and  function. 

* 

Test  lead  connection  at  meter. 

Proper  output  terminal  of  voltage  source.  « 

r 

Correct  resistor. 
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Final  Evaluation 

PROPER  READINGS  ON: 


OK 


Re-Do 


"  "V"  1  1  

0 

TASK  A 

TASK  B 

— ■    1  9 

m 

TASK  C 

M  1} 

TASK  D 

METER  STILL  WORKS  PROPERLY 

1 

When  all  checks  Indicate  OK,  proceed  to  the  next  learnlp^package. 


\ 


1 
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Answers 

Self-Test  Answers 

1.  c 

2.  "e 

3.  a 
4..  f 

5.  d 

6.  b 


V 
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OHM'S  LAW 


Goal: 


ERLC 


The  apprcMit ice' wiVl  be  able  to 
ronptiir  .ehu:t  rica.l  problems  • 
tiirourih  use  ol  Ohm's  Ijjw* 


Performance  Indicators: 

I.    Compute  current  from  given 
voltage  and  resistance. 


2.    Compute  resistance  fro;n  given 
current  and  voltage.  / 

3*    Compute  current  from  given 
voltage  and  resistance. 
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EL-.BE- 15 
Ohm's  taw 


Objectives 

Given: 
Ohm's  Law 


Materials  to  'perform  a 
series  of  tasks 


Directions 

Obtain  the  following: 
one  circuit  board 
two  IK  resistors  (1,000  ohm) 
one  multimeter 

one  variable  voltage  power  supply 


learning  Activities 


The  student  will : 

Complete  a  Final  Test  solving  Ohm's 
Law  problems  with  80%  accuracy. 

> 

♦Complete  a  Final  Test  on  Ohm's  Law 
relationships/ with  80%  accuracy. 

Complete  a  Task  for  current. 

Complete. a  Task  for  voltage. 

Complete  a  Task  for  resistance. 


i 


Study  the  Key  Wards  11st. 
Read  the  Information  Sheets. 
Do  the  exercise  on  memorising  Ohm's  Law. 
Do  the  Self  Test  on  Ohm's  Law  problems. 
Do  the  Self  Test  on  Ohm's  Law  equations. 
Do  the  Task  on  Ohm's  Law  for  current. 
Do  the  Task  on  Ohm's  Law  for  voltage.  * 
Do  the  Task  on  Ohm's  Law  for  resistance. 
Do  Final  Tests  I  and  II. 
Obtain  Final  Evaluation.  * 


f 


/ 


/ 


/ 


/ 
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Ohm's  Law 


Keywords 

I:   Math  symbol  for  current 

R:   Math  symbol  for  resistance 

E:    Math  symbol  for  voltage 

I  ■   E  Ohm's  Law  equation  for  current  when  voltage  and  resistance  are 

R  known. 

R  3  _E__  Ohm's  Law  equation  .for  resistance  when  voltage  and  current  are 
known. 


tage 

7 


JE _■  i .Jft — QhmAs  LaM^eguatjm  for  voltage  when  current  and  resistance  ac& 
known.  . 


Directly  Proportional ;    A- math  relationship  1n  an  equation  that  results  1n  a 
larger  or  smaller  answer  when  the  terms  on  the  other  side. of  the  equation  get 
larger  or  smaller.  .  , 

Inversely  Proportional:    A  math  relationship  1n  an  equation  that  results  in  a 
smaller  answer  when  the  terms  on  the  other  side  of  the  equation  get  larger,  or 
a  larger  answer  when  the  terms  get  smaller  on^the  other  sid6  of  the  equatlpn. 

Ohm's  Law  Piej    A  circle  used  to  easily  memorize  each  of  the  Ohm's  Law  equa- 
tions.    To  find  "I"  you  would  put  a  finger  over  the  "I"  term  and  the  remaining 
part  would  form  the  equation:    1=  E_ 


\ 
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Information  Sheet 

Voltage,  resistance  and  current  are  related  In  a  very  special  way.   This  rela- 
tionship Is  stated  in  a  law  of  electricity  called  Ohm's  Law.  Technically 
stated,  the^ aw  reads  as  follows:    "The  current  through  a  resistance  is  dir- 
ectly proportional  to  the  voltage  and  inversely  proportional  the  the  resis- 
tance".  Mathematically  this  is  expressed  as  the  equation  I .  ■  E 

T* 

.  ■> 
Since  there  are  three  terms  In  the  Ohm's  Law  relationship,  I,  E  and  R ,  three 
equations  may  be  derived  from  this -statement.   The, three"  equations  are  as 
follows:  _J 

For  Currents  I  -   E    (E. divided  by  R)     (E  *  R) 

.  TT 

*       For  Voltage  E  =  IR    (I  times  R)    (I  x  R) 

x    For  Resistance  R  «   E    (E  divided  by  I)    (E  *  I) 

T 

A  simple  rule  to  memorize  each  equation  fnvolves  using  an  Ohm's  Law  pie. 


***MEM0RIZE  THIS*** 


To  solve  for  voltage,  you  simply  put  a  finger  over  the  E  and  you  get  I  x  R ,  or 
E  =  IR. 

<^To  solve  for  current,  put  a  finger  over  the  I  and  you  get   jj^or  I  =   E  . 

To  solve  for  resistance,  put  a  finger  over  the  R  and  you  get   E   or  R  *  E  . 


Simply  cover  the  letter  you  want  to  solve  for  and  the  remaining  letters  form 
your  equation. 
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The  basic  use  for  Ohm's  Law  1s  to  calculate  for  the  following: 

1.  The  voltage  1f  we  know  the  current  and  resistance.    E  *  IR. 

2.  The  resistance  1f  we  know  the  current  and  voltage.   R  ■ E  . 


3.    The  current  1f  we  know  the  resistance  and  voltage.     I  «    E  . 


In  addition  you  need  to  remember  that  when  using  Ohm's  Law  1n  a  circuit  you 
must  use  each  term  as  follows: 

I  Is  the  current  through  the  resister. 

E  1s  the  voltage  across  the  resistor. 

R  is  the  value  of  the  resistor. 

***You  must  know  two  of  the  three  terms  of  each  equation  to  solve  for  the 
third.***  ;• 


I  CURRENT  THROUGH 
I)|  RESISTOR 


RESISTOR-- 


£)  VOLTAGE  ACROSS 
RESISTOR 


You  may  look  at  each  of  the  three  terms  another  way. 

1.  I  1s  the  total  current  through  the  entire  circuit. 

2.  R  1s  the  total  resistance  of  the  entire  circuit. 

» 

3.  E  is  the  total  voltaqe  applied  to  the  circuit. 
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TOTAL  CURRENT 
FROM  SUPPLY 

TOTAL  VOLTAGE 
FOR  CIRCUIT  ' 


v5 


R 


TOTAL  

RE56TANCE 


When  solving  for  Ohm's  Law  equations  remember  to  convert  all  values  for 
resistance,  voltage,  and  current  to  their* basic  units. 

The  basic  unit  for  resistance  1s  the  ohm. 

The  basic  unit  for  voltage  1s  the  volt. 

The  basic  unit  for  current  1s  the  ampere. 

* 

To  help  you  work  problems  using  Ohm's  Law,  the  equations  will  be  presented 
showing  all  conversions  to  ohms,  volts,  and  amps  necessary  to  solve  each 
equation.    In  the  following  circuit  diagrams  the  symbol (?)  1s  used  to  represent 
the  ammeter  that  1s  measuring  current  (I)  1n  amps. 

Now  let's  try  a  few  problems  using  each  equations  to  make  sure  you  can  follow 
the  math  Involved. 

FOR  CURRENT  ± 


/ 


GIVEN 

E»  10  volts 
R-  1000  il  or  lk' 


.UNKOWN  CURRENT 
IN  AMMETER 


flftA(v) 


VOLTMETER 
READS  IOUDLT5 


I  *  E 


I 


10 
TOT 


(k  ohms  converted 
to  ohms) 


I  «  .010  amps  or  10mA 


0  <«■ 
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FOR  RESISTANCE 


GIVEN 

>  20  volts 

I»  20mA  or  *020A 


AMMETER 
READS  30  mA 

UNKOWN 
RESISTANCE 


•s.  H>  

FOR  VOLTAGE 


GIVEN 
I*  15mA  or  .015A 
R=  lk  or  1,000 


AMMETER 
READS  15  mA 


VOLTMETER 
READS  20V 


UNKNOWN 

IOTA6EON 

VOLTMETER 


R  *  E 


/ 


R  -  20 


.020A    (20mA  converged 
to  amps) 

r 

R  »  .1  ,000  «  or  lk 


E  ■  IR 

E  -  .015A  *  1,000 


mA  converted 
to  amps 


E  -  15  volts 


8 
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To  memorize  the  Ohm's  Law  equations,  work  out  the  following  problems.  Check 
by  writing  the  equation  and  solving.    I)r<tbe  following  circuits  the  battery 
voltage  will  be  the  same  as  the  voltage  across  the  resistor. 


i 


■vVA 


+ 


15V 


5k 


150  V/ 


\  t 


+ 


H  3mA 


2^ 


6 


3A 


R 

-VV\A- 


+  9V 
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Self-Test 

Ohm's  Law  Problems 

1.   Write  the  3  formulas  for  Ohm's  Law. 
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X 


£'20V 


1= 


E=I20V 


1=10  A 


1=  IA 


•R--IO0O-"- 


M 


=  75V 


1=500  mA 
(-5A) 


R=. 


1 


I  =  lOOmA 
MA) 


R=5^ 
(5000) 


£>5V 


1= 


R--500-* 
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Final  Test  1 

Ohm's  Law 

Solve  the  following  problems  using  the  appropriate  form  of  Ohm's  Law  for  each 
one.   The' first  one  Is  done  for  you  as  an  example. 


150V 


Ir 


31?  ^ 

■>/\/SA- 


+ 


15V 


J*  3- 

 yA/\^ 


£- 


150V 
-ill 


1= 
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3m/\ 


4 


3V 


R=. 


/O 


a 


t 
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Each  equation  tells  us  what  will  happen  to  our  answer  as  each  term  goes  up  or 
down  1^  value. 

Refer  to  the  Illustration  below: 

DIRECTLY  PROPORTIONAL  TERM 

A«  1  "  E  (E  goes  up  and  I  goes  up)  (E'goes  downwind  I  goes  down) 
^         R  f(R  goes  up  and  I  goes  down)  (  R.  goes  down  and  I  goes  up) 

INvffoSELY  PROPORTIONAL  TERM 
I  ■  Current  In  amps 

(I  goes  down  and  E  goes  down)(I«Qoes  up  &  E  goes  up) 
B«    E  B  IR  (R  .goes  up  &  E  goes  up)(R  goes  down  &  E  goes  down)  ; 

BOTH  TERMS  ARE  DIRECTLY  PROPORTIONAL 

t  -  Voltage  In  volts 


DIRECTLY  PROPORTIONAL  TEAM 

C    R  3  E  |E  goes  u^and  R  goes  up)  (E  goes  down  and  R  goes  down) 
I  H  goes  up  and  R  goes  down)  (I  goes  down  and  R  goes  up) 

INVERSELY  PROPORTIONAL  TERM 

.   R  ■  Resistance  In  ohms. 


Remember  the  basic  way  Ohm's  Law  was  stated:   The  current  through  a  resistor  Is 
directly  proportional  to  the  yoltage  across  the  resistor  and  Inversely  pro- 
portional to  the  resistance  of  the  resistor.    In  other  words  when  the  voltage 
goes  up,  the  current  goes  up;  when  the  resistance  goes/up,  the  current  goes 
down.    Mathematically  It  looks  like  this: 

(any  term  on  top  of  the  line  on  the  right  side  of  the  equation  Is  i 
E   directly  proportional  to  the  term  on  the  left  side). 
I  ■  R 

(any  term  on  the  bottom  of  the  line  Is  Inversely  proportional  to  the  . 
term  on  the  left  side. 

You  should  be  able  to  see  that,  within  this  equation.  If  the  voltage  goes  up, 
the  current  will  go  up.    If  the  resistance  goes  up,  the  current  will  go  down. 

/  » 


 1  """""I' 
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Consider  the  following  example  of  direct  proportion  , 


A.  I 


E  4 


B.  I 


I  - 


20V 
10" 


I  *  2A 


_E 
R 

m 

TO n 


I  3  4A 


Current  In  B  1s 
2  times  that  of  A 


GIVEN 
E   -  20  V 
R  «  10  n 


GIVEN 
E  «  40V 
R  -  lOfi 


Voltage  In  B  Is 
2  times  that  of  A 


Note  that  when  the  voltage  Increased  by  2  times,  the  current  Increased  by  2 
times,  or  by  the  same  proportion.  .  Therefore,  we  say  that  the  voltage  and  the 
currenf  arje  In  direct  proportion. 
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Next  consider  an  example  of  Inverse  proportion 
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A.  I  .f 
,  40V 

1  *70o 


I ."  2A 


b.  i  ,-§■ 


I  =  4A 


Current  in  B  fs 
2  times  that  of  A 


GIVEN 
E  »  40V 
R  -  20fl 


f  GIVEN 
I  E  -  40V 
\R  ■  100 


Resistance  1n  B 
1s  h  that  of  A 


Note  that  when  the  resistance  was  cut  In  half  (1/2).  the  current  Increased  by  2 
times  or  by  the  opposite  prMnprtlon.   Recall  from  your  equations  package  that  2 
is  the  opposite  of  1/2;  thereWe,  when  the  resistance  was  cut  In  Kalf ,  the 
current  doubled,  or  IncreaseiPby  an  opposite  or  Inverse  proportion.   The  above 
equation  shows  current  and  resistance  to  be  Inversely  proportional. 


\ 
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Let's  consider*  another  example  of  inverse  preportlon. 

•    .       .  .  ' 
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A.  I  = 


I  =  2A-" 


oy 


I  =  8Aj 


Current  In  B  Is 
4  times  that  of  A 


J 


Resistance  In  B 
Is  h  that, of  A 


Note  that  when  the  resistance  was  cut  to  1/4  In  B,  the  current  In  B  Increased 
by  4  times  or  by  the  opposite  proportion.  Recall  from  your  equations  package 
that  4  Is  the  opposite  of  1/4;  therefore,  when  the  resistance  was  cut  to  1/4* 
the  current  Increased  by  the  opposite  proportion  of  4  times.  . 

\ 

The  two  examples  show  that  resistance  and  current  are  Inversely  proportional  to 
each  other.   When  resistance  goes  down,  the  current  will  always  go  up  by  the  \ 
opposite  proportion. 
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At  this  point,  you  should  be  familiar  with  the  idea  of  direct  proportion  and 
inverse  proportion.    Let's  look  at  each  formula  or  equation  for  Ohm's  Law 
.  „and  state  1t  In  spoken  terms. 

Pnr  rurrant, I  «  —  The  current  is  directly  proportional  to  the  voltage 
ror  turret        R     and  Inversely  proportional  to  the  resistance. 

For  Voltage  E  «  IR     The  voltage  Is  directly  proportional  to  either  the 
•f  current  or  the  resistance. 

|For  Resistance  R  -  JL  Tne  resistance  Is  directly  proportional  to'WT 

I     voltage  and  Inversely  proportional  to  the^current. 

You  may  question  why  we  go  to  all  this  trouble  learning  about  the  relationships 
of  each  formula.   Why  not  just  do  the  math  Indicated  by  each  equation?  The 
reason  Is  that  understanding  Ohm's  Law  Is  necessary  to  succeed  In  applying  It. 
At  this  point  It  would  be  easy  to  show  you  an  equation,  give  you  the  numbers  to 
substitute  for  the  symbols,  and  let  you  solve  for  the  answer.   Yoi/  may  have  to 
learn  to  do  Ahls  for  testing  purposes  to  be  sure  you  can  work  the,  proS\§fAt  but 
Iti  1s  of  little  value  when  confronted  with  an  electronic  problem/1i»>somej)ype 
of  radio  or  television  receiver.    Your  skill  In  using. your  knowledge  w*TT  be  In 
how  you  analyze  the  problem.    You  must  be  able  to  Interpret  .the /volt agtf, 
resistance  and  current  measurements  that  are  different  from  thai  called  for  In1 
a  schematic  diagram.   This  Is  the  real  test  of  your  ability,    in  a  later  unit 
we  will  explore  troubleshooting  using  many  of  the  Ideas  presented  In  this 
learning  unit. 


/ 
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Self-Test 


DIRECTLY  PROPORTIONAL  VALUES  &  INVERSELY  PROPORTIONAL  VALUES  USING  OHM'S  LAW 
EQUATIONS.  ,  * 

1.  The  resistance  1n  a  circuit  went  down  but  the  current  stayed  the  same. 
—  What  happened?  * 

a.  -  Voltage  was  Increased.  j 

b.  Voltage  also  decreased. 

c.  Voltage  stayed  the  same. 

2.  If  resistance  stays  the  same  and  the  voltage  decreases,  what  will  the 
current  do? 

a.  Increase  ' 

b.  Decrease 

c.  Stay  the  same  * 

3.  The  current  in  a  circuit  went  down  but  /the  voltage  stayed  the  same.  What 
happened? 

a.  Resistance  Iripceased. 

b.  Resistance  decreased. 

c.  Resistance  stayed  the  same. 

4.  If  the  current  doubles  through  a  resistor,  the  vo-ltage  across  the  resistor 
will        #,  ' 

/.a.    remain  the  same. 

b.  be  1/2  of  the  orig1niUv44«e-r 

c.  be  twice  the  original , value. 

5.  If  the  resistance  1n  a  resistor  doubles,  the  current  through  the  resistor 
will 


a.  double  In  value.  # 

b.  be  1/2  the  original  value.  ^ 

c.  remain  the  same. 


Task  A 

Obtain  the  following'; 


1  multimeter 

1  ammeter 

2  lk  resistors 
1  resistor  of  unknown  value 
1  circuit  breadboard 
1  'power  supply 


CONSTRUCT  THE  FOLLOWING  CIRCUIT: 


STEP  IV 
I 

STEP  2. 


EL-BE-lb 
Ohm's  Law 


E=20V 


\fc-n- 


STEP  3. 


STEP  4, 


J     STEP  5, 


Using  Ohm's  Law  equation  for  current,  solve  for  the  current  through 
the  ammeter.    fDo  not  apply  power  to  this  circuit.)   _mA 

Now  apply  power  to  the  circuit  and  record  the  current  measured  by  the 
meter.   mA  ' 

YOUR  CALCULATED  VALUE  IN  STEP  1  AND  YOUR  MEASURED  VALUE  IN  STEP  2 
SHOULD  COME  OUT  THE  SAME.. 

Open  the  jumper  so  no  current  will  read  on  the  meter.   Reduce  the 
voltage  to  ,10  volts.    10  volts  1s  exactly  1/2  the  voltage  used  'in 
Step  2.   Using  the  rule  that  current  and  voltage  are  directly,  pro- 
portional ,  thei  current  should  be       ■  of  the  value  measured  1n 
Step  2.   The  exact  amount  of  current  should  now  be   mA. 

Connect  the  jumper  so  that  the  ammeter  will  measure  current.  Record 
the  current  measured  by  the  meter,  ^^,vmA. 

TH$  CURRENT  DECREASE  MEASURED  IN  STEP -4  SHOULD  MATCH  YOUR  ESTIMATIONS 
IN  STEP  3. 

* 

Obtain  your  Instructor's  evaluation* 
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Task  B 


CONSTRUCT  THE  FOLLOWING  CIRCUIT: 


R-- 1  MI- 


STER 1.   Cover  the  face  of  the  meter  located  on  the  power  supply. 

STEP  2.   Using  the  Ohm's  Law  equation  for  solving  for  voltage,  solve  for  the 
voltage  across  the  resistor  (Eg)  and  record  the  value.   V 

STEP  3.    Starting  at  zero  volts,  turn  the  power  supply  voltage  up  until  the 

ammeter  reads  10mA.  Measure  the  voltage  across  the  lk  resistor rand 
record  the  value.   .  V 

YOUR  ANSWER  FROM  USING  OHM'S  LAW  EQUATION  IN  STEP  2  SHOULD  MATCH 
YOUR  MEASURED  VALUE  IN  STEP  3. 

STEP  4.   Remove  the  voltmeter  from  across  the  lk  resistor. 

STEP  5,    Increase  the  power  supply  voltage/ until  the  current  doubles  or 
equals  20mA. 

* 

Using  the  rule  that  current  and  voltage  are  directly  proportional, 
the  new  voltage  measured  across  the  lk  resistor  should  Increase  by 
a  factor  of  and  read  volts. 

STEP  6.    Attach  the  voltmeter  across  fhe  lk  resistor  and  measure  the  new 
voltage.   V 

YOUR  ESTIMATE  IN  STEP  5  SHOULD  MATCH  YOUR  MEASURED  VALUE  I  If  STEP  6. 


STEP  7.   Obtain  your  Instructor's  evaluation. 
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Task'C 


Ohm's  Law 


CONSTRUCT  THE  FOLLOWING  CIRCUIT: 


.F 


UNKNOWN 
AMMETER  RE5ISIDR 
+  VALUE 


—  E 
+ 


ATTACH  METER 
+  TO  -AS  INDICATED 


ST&P  1;    Have  your  Instructor  cover  the  color  code  on  a  resistor  by  using 
masking  tape. 

STEP  2.    Install  the  resistor  as  Indicated  1n  the  above  diagram. 

> 

STEP  3.    Starting  with  the  voltage  at  zero,  Increase  the  voltage  until  the 
ammeter  reads  10mA. 

STEP  4.    Measure  and  record  the  voltage  across  the  unknown  resistor. 


STEP  5.    Using  Ohm's  Law,  calculate  the  value  of  the  resistor  using  the  10mA 
current  and  the  voltage  you  measured  In  Step  4. 

STEP  6.    Remove  the  resistor  from  the  circuit. 


fl^EP  7.   Using  your  multimeter,  set  to  read  resistance,  measure  and  record  the 
value  of  the  unknown  resistor.   Ohms 

YOUR  CALCULATED  VALUE  FROM  STEP  5  SHOULD  MATCH  YOUR "MEASURED  VALUE  IN 
STEP  7.  • 

STEP  8.   Obtain  your  Instructor's  evaluation. 
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W  tL-bt-lb. 
■  ,  -  Ohm's  Law 

Final  Test  2 

1.  The  resistance  1n  a  circuit  went  up  but  the  current  stayed  the  same.  What 
happened?  * 

A.  Voltage  was  Increased. 

B.  Voltage  was  decreased. 

C.  Voltage  stayed  the  same. 

2.  If  the  resistance  stays  the  same  and  the  voltage  Increases,  what  will  the  " 
current  do? 

A.  Increase.      "  ■  * 

B.  Decrease. 

C.  Stay  the  same. 

3.  The  current  In  a  circuit  went  up  but  the  voltage  stayed  the  same.  Wha! 
happened? 

A.  Resistance  Increased. 

B.  Resistance  decreased. 

C.  Resistance  stayed  the  same. 

4.  *  If  the  current  through  a  resistor  Increases  3  times,  the  voltage  across  the 

resistor  will 

A.  remain  the  same. 

B.  be  1/3  of  the  original  value. 

C.  be  three  (3)  times  the  original  value. 

4 

5.  If  the  resistance  1n  a  resistor  decreased  by  1/2,  the  current  through  the 
resistor  will 

A.  double  (X2)  In* Value. 

B.  be  1/2  of  the  original  value. 

C.  remain  the  same. 
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tL-Ut-13 

Ohm's  Law 


Final  Evaluation 

•      *  '         OK           Re  Do 

i    )  ■   ■        i     i    i . 

*»>  .                    ••  , 

Completed  the  Task  on  Ohm's  Law  for  current  

Completed  the  Task  on  Ohn's  Law  for  voTtage  

Completed  the  Task  on  Ohm's  Law  for  resistance  m  

Competed  final  Test  I  on  Ohm's  Law  problems 

with  80%  accuracy.  ,  


Completed  Final  Test  II  on  Ohm's  Law  relationships 
with  80%  accuracy.   •  


When  all  checks  Indicate  OK,  proceed  to  the  next  learning  package. 
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EL-BE-15 
Ohm's  Law 


0  Answers 


Answers  to  Exercise  #1 
1.    R  «   E    »    3V  lft 

IT 


2.  .  J  ■    E    «  10 


2A 


3.  E  •  IR     3A  X  30   »  9V  m 

4.  I  -    E    -    150V    -  6A. 

T  25ft 

5.  -     15     *  .005  -  .005A  or  5mA 

<    "TT     3  ,oooft 

6.  I  «   E    -/160V   -  .03A  or  30mA 

7.  E  »  IR      .003A  X  2,000ft    -  6V 

8.  R  »    E    *    9V    *  3fi  1 
IT" 


Answers  to  Self-Test  #1 
1.    I  -  E 


R 


E  -  IR 


Any  order  is  correct  as  long  as  the  equation  1s  written  correctly. 
2.    I  »   E  I  -    20V  .  I  ■  .2A  or  200  m/\  .  €| 


R 


3.    R  -  E 


R  -  120V 

~ToT" 


R  »  12ft 


4,    E  -  0  x  R;  E  -  1  x  1 ,000  ft  ;  E  -  1,000V  or  lkV 


5.  R 


6.  E  n  IR 

7.  I  «  E 

T 


R  -  75V 


I  -  5V 

hot 


I 


R*  150" 


E  -  .1A  x  5,0000       E  -  500V 


I  ■  10mA  or  ;010A 
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Ohm's  Law> 


Answers 

\ 

Answefs  to  Self -Test  #2  * 

1.  b.   R  ■   E        Restance  and  voltage  are  terms  that  are  directly  pro- 

"T~       portlonal.   Therefore,  If  the  resistance  goes  down,  the 
voltage  would  have  to  go  down.  % 

2.  B.    I  m  JL-       Current  and  .voltage  are  terms  that  are  directly  propor- 

tlonal.   Therefore,  If  the  voltage  decreases,  the  current 
would  have  to  decrease. 

3.  a.   R  ■   ^ .        Current  and  resistance  are  Inversely  proportional  terms. 

1^     ,  Therefore,  If  the  current  goes  down,  the  resistance  would 
have  to  go  up  or  Increase. 

4.  C.   E  -  I  x  R     In  this  equation,  current  and  resistance  are  terms  that  are 

directly  proportional.  Therefore,  If  the  current  doubles, 
the  voltage  will  double,  or  be  twice  the  original  value. 

5.  b.    I  t   E        This  equation  shows  current  *nd  res1stance*to  be  Inversely 

R  proportional  .•  Therefore,  doubling  the  resistance  (X2)  will 
have  the  Qpposlte  effect  on  the  current,  and  It  will  be  1/2 
of  Its  value    (opposite  of  2  Is  1/2). 
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2.9 

POWER  AND  WATT'S  LAW  . 


/ 


\  Goal: 


-  The  apprentice  will  be  able  to  use 
Watt^1  s  Law  in  computing  problems 
in  electrical  power. 


Performance  Indicators: 


It    Compute  wattage  from  given 
voltage  and  amperage. 

2.    Compute  amperage  from  given 
wattage  and  voltage. 


3. 


Compute  voltage  from  given 
amperage  and  wattage. 


I  ■  ^^^^^ 
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Objectives 


a-Bt-i6 

Power/and  Watt's  Law 


Given: 

Resistors  of  differerit  wattage 
and  equipment  to  perform  a  task 

Watt 's  Law 


The  student  wil 1 : 


Perform  an  experiment  demonstrating 
P,  I ,  and  E  relationships  using 
Watt's  Law.  ^ 

Answer  a  set  of  test  questions  with 
80  percent  accuracy. 


Directions 


Obtain  the  following  material 

Circuit  Board 
Power  Supply 
Multimeter 


10  ohm  1/4  watt  resistor 
10  ohm  1  watt  resistor 


Learning  Activities 


^tudy  Key  Words  1 1st. 
Read  Information  Sheet. 
Do  Self-Test  on  Watt's  Law  equations. 
Do  Task  on  Power. 
Do  Fina.l  Test  on  Watt's  Law. 
Obtain  Final  Evaluation. 
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•Key  Words 


tl -Ht-lb 
Power/and  Watt's  Law 


Power":    Work  done  by  electrical  present  ur  voltage. 
Watt :    The  basic  unit  of  power. 

Watt-hour:    The  basic  unit  of  power  multiplied  by  time. 


/ 


Wattage:    The  amount  of  power  in  watts  used  to  do  work  by  an  electrical  device. 


Watt's  Law 


I  X  t' 


Amphour:    The  amount  of  current  per  hou*  available  in  a  battery.  t 

Power  Dissipation:  The  amount  of  heat,  generated  in 'watts  by  an  electrical 
device  doi ng  work . 


Watt's  Law  Pie: 


.A  memory  aid  to  learning  Watt's  Law. 


Dissipate:    To 'give  off  energy  in  the  form  of  heat. 


-  v 
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■i'ower/diid  Watt's  Law 


The  basic  unit  ot  power*  in  l  he  w.iU.    All  of  the  items  thdf  you  [u\vt>  in  your 
home  that  use  e let  t 1  i  <  i  i  y  will  r  *-*  1 1  vou  hi^w  much  poweff  they  use  \n  telling 
you  how  mdrty  wdUs  they  use.  ^ 

Approximate  Lust  of  Dptf r<j r. ion  of  ^pplicances 


Average 

Est 

.  Cost  per 

Month 

Appl iancfc 

Watt  ajhe 

dt 

$0.04  Per 

KWH 

Toothbrush 

hi  ' 

.003 

Clock  "V 

.06' 

i 

Hdir  Dryer 

'  381 

.OS 

Sewi  ny  Mac.h  i  ?ie 

i 

.04 

Shaver 

\  lb 

.04 

Toaster 

]  146 

.13 

Vacuum  ClemiM 

i  630 

.15 

Radio 

71 

.29 

Hashing  Machine 

bl2 

.34 

Coffee  Maker 

894 

.35 

TV  ,  B  a  W 

45 

.33 

TV ,  Color  *  ' 

MS. 

1.06 

Hi shwashe/ 

J  AH 

1.21 

Kef  r  i  gei  dt  ui  / 

2.33 

Freezer 

Manual  Uet  cost 

Clothes  Dryer 

4856 

3.3*1 

Range  with  oven 

12,200 

3.92 

*Ref ri geratur/ 

5.98 

Kreezer 

Auto  Defrost 

I 

Water  Heater 

44/4  ! 

14.91 

Central  A/L 

lb/U/ton  J 

35.00 

t 
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-Information  Sheet      ■  •  Po^""d 

You  will  often  hearlhe  words  "alternate  sources  of  energy"  when  describing 
different  sources  of  electricity.    Nuclear  energy,  solar  energy,  geothermal 
energy,  and  wind  power  come  from  different  sources.    The  energy  from  all  these 
different  sources  can  be  used  to  create  electrical  pressure  or  electricity. 
.  When  this  electrical  pressure  does  some  work  for  us,  such  as  light  a  lamp  or 
run  a  TV  set  we  are  using  some  of  the  energy.    The  amount  of  energy  we  use  will 
depend  on  the  type  of  work'belng  done  by  our  electrical  pressure.    In  this  unit 
we  are  not  concerned  with  the  energy  itself  but  with  the'work  that  is  being 
done.    Power  is  the  word  used  to  describe  the  ability  of  this  electrical 
pressure  to  do  work.    Anytime  electricity  is  used  to  do  something,  power  1s- 
also  being  used.    The  amount  of  power  used  depends  upon  what  type  of  electrical 
appliance  you  are  using.  - 


A  stove,  for  example,  uses  more  power  than  a  TV  set.    The  two  electrical 
devices  in  your  home  that  use  the  most  power  are  the  hot  water  hefter  and 
electric  heater.    The  size  o.f  the  bill  that  the  electric  company  sends  you 
depends  on  how  much  power  you  use.    Conserving  the  amount  of  power  you  use 
can  prove  very  helpful  in  trying  to  keep  the4 electric' bill-  as  low  as  possible, 
If  you  have  ever  looked  at  your  electric,  bill  and  tried  to  figure  out  what 
makes  It  so  high,  you  may  have  noticed  that  you  were  billed  for  the  amount  of 
watt-hours  used.    The  amount  of  watts  used  times  the  time  In  hours  the  powir 
is  used  is  called  watt-hours.  "> 

♦  t 


17 'V 


* 


I  I  -HI  -16 

l.'owci'/diid  Watt 1  s  Law 


The  clearest  example  of  the  relationship  of  wattage  used  to  work  done  is  the 
light  bulb.    l(ou  are,  aware  that  a  100  watt  bulb  gives  much  more  light  than  a  40 
watt  bulb  and  requires  much  more  electricity  to  produce  that  light.    Most  home 
light  bulbs  range  from  25  to  150  watts.    The  electric  appliances  that  you  have 
will  average  from  100  watts  to  several  thousand  watts.    Your  electric  company 
will  charge  you  for  the  amount  of  watt-hours  used.    Since  you  are  billed  only 
once  per  month,  several  thousand  watt-hours  will  be  on  your  bill  each  month. 

To  figure  out  how  many  watt-hours  something  will  use,  simply  multiply  the 
amount  of  power  )r\  watts  the  appl lance  uses  by  how  many  hours  it  is  turned 
on.-  For  example,  if  you  leave  a  100  watt  light  bulb  on  for  30  days  or  720 
hours,  you  would,  use  100  x  720  or  72  ,000  watt-hours.    This  would  normally  be 
expressed  as  72  kilowatt-hours  or  72  kwh.  , 

The  electric  company  charges  a  fixed  amount  for  each  kilowatt-hour  used.  The- 
electric  lines  usually  supply  120.  volts  for  small  appliances  and  240  volts  for 
larger  appliances,   if  you  do  not  have  a  device  connected  to  the  electrical  , 
outlet  and  the  device  turned  on,  then  you  are  not  using  any  electrical  power 
or  -jenergy.    It  is  only  when  the  item  is  plugged  in  and  turned  on  that  energy 
or  power  in  watts  is  being  used. 

Power  is  used  anytime  you  have  a  conductor  which  connects  one  slot  of  the 
electrical  outlet  to  the  other.    The  conductor  forms  a  pathway  for  the  elec- 
tricity.   The  appliance  or  the  electronic  device  which  is  plugged  into  the 
wall  represents  a  LOAD  on  the  electrical  service  to  the  house.    Loads  are  often 
represented  in  schematic  diagrams  as  a  resistor  and  often  indicated  as  RL. 


WALL  OUTLET 


WALL 
OUTLET 


/  APPLIANCE 
(LDAORl) 


POWER  CORD  PROVIDES  PATH  FOR 
ELECTRICITY  TO  FLOW  FROM  ONE 
OF  THE  OUTLETS  TO  THE  OTHER. 


f 


I  /OVOLTS 

Q 


Schematic  Drawing 
of  above  pictori al . 
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I'uwor/and  Watt's.'  Law 


(■ 

Power  is  also  used  it  you  provide  ,i  connoting  path  between  the  two  terminals 

lledia^?vyiAVhl ifiUiefVS  "°  !,,,d,L    ,htt  batl(4r'  wn1  9»  dead  almost 
immediately  if  there  is  no  I o«i,,  to  |,,„U  the  flo.w  of  current.    This  is  known 
as  a  snort  ci rcu it. 

The  load  parts  ot  the  electrical  system  i„  a  car,  such  as  headlights,  radio 

a  resistance  to  the  flow  wh.ch  limits  the  current  drain  tri* 
from  burning  up  "  d,SSlpites  hedt  and  '<9ht  "hich  prevents  the  wires 


® 


CAR  HEADLIGHT 


^!JTh  Ter  f h?  ■  a  bdttery  ,:an  s,,pply  is  ,,HJCh  1ess  than  amount  of 
power  that  can  be  supplied  by  the  electrical  lines  in  your  home.    The  amount 

ot  power  that  a  battery  can  supply  usually  depends  on  the  size  and  type' of  the 


SMALL  AMOUNT  Of-  PuWfcK 


LARGE  AMOUNT  OF  POWER 


The  amount 
consider. 
S  provide  12 
to.  start  a 
starter. 


of  voltage  that  the  Lattery  provides' i s  not  the  only  . factor  we  must 
The  U  volt  flashlight  battery  and  the  Id  volt  car  battery  each 
volts,  at  the  terminals.    The  flashlight  battery  could  never  be  used 
car  because  at  cannot  supply  tne  amount  of  power  required  by  the  car 


You  .nay  have  experienced  ,  "de,,.i  battery"  ,„  a  car  that  would 'not  supply  enough 
power  to  start  the  car  but  would  still  cause  the  headlights  to  light  up!  That 
Shfn6?^  K^?USe  the  S-LWrt,,r  '^^ires  .uich  more  power  than  the  headlights,  ' 

/  lb;ttehr{  H  <™not  supply  large  amounts  of  power   but  t 

still  may  be  able  to  supply  a  small  amount  ot  power.  '  , 
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Power/and  Watt's  Law 


J  A 


\        .  4  J 

uevices.  that  get  their  power  from  a  battery  or  power  supply  such  as  that  used 
in  your  experiments  state  their  power  requirements  in  AMPS  Instead  of  WATTS. 
To  find  out  how  many  watts  are  required  by  a  device  that  tells  you  'how  much 
current  in^amps  it  requires  will  .involve  some  calculations.  %}terinining  watts 
needed  (or  power)  is  the  basic  function  of  Watt's  Law.    Electrical  devices  that 
plug  into  the  wall  outlet  will  always  have  the  power  in  watts  ttyt  they  require 
printed  somewhere  on  the  device.    All  other  products  that  use  potter  from  some 
type  of  battery  or  power  supply  usually  tell  you  how  much  current^ n  amps  they 
require.    How  to  convert  amps  into  watts  involves  an  equation  knowAas  Watt's 
Law.    The  law  states  that  1  watt  of  power  is  used  when  1  volt  of  electricity  - 
causes  1  amp  of  electrical  current  to  flow  through  a  1  ohm  resistor.  " 

W 

VOLT  ' 
Of  PRESSURE 

I  *  RESISTOR 


Watt's  Law  is  usually  expressed  in  an  equation  that  u\*§  voltage  and  current. 
The  equation  for  Watt's  Law  using  voltage  and  current  looks  like  this: 


P 


POWER 

EQUALS  •' 

•  CURRENT.  ■ 

TIMES 

VOLTAGE 

In    '  •■ 

«* 

in 

in 

WOt'tS 

amps 

volts 

«   1  watt 

equals 

1  amp 

V 

times 

1  volt 

Let  s  gd  back  to  the  problem  of  figurinq  out  how  much  power  your  headlights  or 
car  starter  may  require  from  the  battery.    Due  to  the  load  resistance  inside 
the  headlight,  2  amps  of  current  may-  flow  when  c'onnected  to  a  12  volt  battery. 
The  car  starter  may  represent  a  lower  load  resistance  so  that  50  amps  of 
current  may  flow  when  connected  to  the  1?  volt  battery.    Since  we  know  the 
current  through  each  load  and  the  voltage,  across  each  load,  we  can  compute 
the  amount  tf)f» power  needed  for  each  device. 
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BATTERY 
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AMMETER  READS 


VT\N 


I  ^  E 


P  ■  t2A  X  12  V, 


0    .  0 

12  VOLT  .  • 
BATTERY 


-Ls  24  watts 


0 


<  .• 


P  5  [  K  E 


50A  X  12  V 


600  watts 


'\  GR  HEADLIGHT 


AMMETER  READS 
50A 


CAR  STARTER 


From  the  equation  P  -  IX  E,  you  should  recognize  that  all  the  terms  are 
directly  proportional.    This  means  that  If  the  value  of  the  current  or  voltage 
increases,  the  power  will  also  Increase.    The  opposite  1s  also  true.    If  either 
the  current  or^the  vol tage  decreases ,  then  the  power  used  by  the  item  will  also 
decrease.    Most  electrical  Items  require  a  certain  voltage  ttf  operate  properly 
so  1t  1s  not  practical  to  reduce  the  voltage  to  1  owe r,  the*  power  required.  A 
new  small  12  volt  lantern  battery  may  be  able  to  supply  only  1/2  amp  for  1  hour*. 
Ihls  means  U  has  a  rating  of  1/2  ampere-hour.    If  we  apply  our  Watt's  Law 
using  P  «  I  X  E,  we  can'come  up  with  how  many  watts  1t  can  supply.    P  «  1/2  amp 
X  12  volts  *  6  watts.,  Let's  try  the  same  thing  with  a  car  battery  rated  at 
bO  amp-hr.    50  amp-hr  means  It  can  supply  50  amps  for  1  hour.    P  =  I  X  E  or 
P  -  50A  x  12  v  -  600  watts.    The  total  amount  of  energy  the  lantern  battery 
can  supply  is  6  watts  XI  hour  or  6  watt-hours,  but  the  total  amount  of  enerqy 
the  car  battery  can  supply  is  600  watts  X  1  hour  or  600  watt-hours. 

As  you  can  see  from  the  examples  above ,  the  smaller  battery  cannot  supply  very 
much  energy,  only  6  watt-hours.    The  larger  car  battery  can  supply  600  watt- 
hours..  Since  they  are  both,  rated  as  providing  \Z  voT&,  you  should  recognj** 
that  it  1s  not  how  much  voltage  they  provide  but  how  much  power  and  energy  thev 
can  supply  that  makes  the  difference.  ^ 

*  *  * 

The*  type  of  power  we  have  discussed  so  far  has  dealt  with  the  amount  of  power 
re9ufred  to,do  a  certain  work  In  a  certain  time:    the  car  battery  to  turn  the 
starter  or  light  the- headlight ,  the  110  volt  wall  plug  to  run  a  household 
appliance.    The  word  power  can  also  be  used  to  express  the  amount  of  heat 
generated  In  an  electrical  Item;   Consider  your  electric  stove  or  electric 
neater.    Both  of  these  devices  are  designed  to  give  off -heat* 
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Other  items  such  as  radios  or  televisions  we  do  not  want  to  yet  too  hot  as  heat 
quickly  damages  the  parts.    When  power  is  used  to  do  some  kind  of  electrical 
work,  heat  is  always  generated  by  the  work  being  done.    An  example  of 'heat 
v being  produced  by  the  work  being  done  is  the  light  bulb.    The  light -bulb  is 
principally  designed  to  give  off  light.    But  if  you  touch  the  bulb  after  it 
has  been"  on  for  a  while,  ybu^wi  1 1  feel  a  great  deal  of  heat  coming  from  the 
light  bulb.    If  you  leave  your  hand  on  the  bulb  for  longer  than  a  second,  you 
will  probably  get  burned.    Larger  wattage  light  bulks  which  give  off  more  light 
will  also  give  off  more  heat.    From  this  example,  you  can  see  that  the  power 
required  by  the  light  bulb  is  used  in  two  different  ways: 


1.  The  power. that  produces  the  light. 

2.  The  power  that  produces  the  heat.  . 

Both  of  these  powers  are  additive  and  the  total  amount  of  power  required  by'the 
light  bulb  is  the  sum  of  the  power  used  in  heat  and  the  power  u Serf  for  the 
light.  r 

Keeping  parts  from  being  destroyed  by  the  heat  dissipated  in  doing  work  in  a 
radfo  or  television  receiver  i %*of  major  importance  to  the  technician.  To 
assist  us  in  selecting  parts  th*t  will  not  overheat  or  burn  up,  the  parts  " 
manufacturers  will  many  times  give  us  the  amount. of  power  in  watts  that  the 
part  can  dissipate  or  throw  off  in  the  form  of  -heat.    More  than  that  amount" 
will  damage  the  p"art.    Resistors  are  an  example  of  this.    Remember  from  your 
study  unit  on  resistors  that  they  come  in  various  wattage  sizes:    1/4  watt, 
1/2  watt,  1  watt,  2  watts,  etc. 


I/2WATT  3/81H  OlA 


*  / wArr 
9/\(omm 


1/4  WATT 
1/4  INDIA. 


Basically,  the  bigger  the  part  is  the  more  heat  it  can  safely  dissipate.  This 
Is  true  for  almost  all  electronic  parts.    Remember  our  power  equation  P"«  I  X  E 
tells  us  that  the  amount  of  power  used  to  do  work  and  dissipate  heat  in  our 
electronic  c1 rcuit  is  directly  proportional  t«  the  voltage  and  current.  If 
either  the  current  or  voltage  increases  due  to  a  short  (a  decrease  in  resis- 
tance) 1n  our  circuit,  the  power  will  also  Increase.    If  the  Increase  4n  power 
is  above  the  power  rating  of  the  part,  1t  will  probably  burn  up. 
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Consider  the  two  examples  below: 
A. 


20V 


1 5  WATT 
RESISTOR 


Vol tmeter 
reads 
V  J  20  volts 


/AMMETER 
READS  .5A 


P 
P 
P 


I  x.E 
20V  x  .5A 
10  watts 


B. 


201/ 


1 5  WATT- 


RESISTOR 

SHORTED 


Vol tmeter 
r«ads 
20  vbl ts 


AMMETER \ 
PEADS!^  \ 


P  =  I  x  E 
P  =  20V  =  1A 
d  =  20  watts 


In  example  A,  10  watts  Is  consumed  by  the  resisto/^  Since  the  resistor  is 
rated  at,  15  watts,  ft  will  not  burn  up t  although  if  you  .touch  It  you  will  feel 
some  heat.    In  example  B,  the  current  has  Increased  to  t  amp  and  the  oower 
increased  to  20  watts.    That  same  resistor  rated  at  16  watts  now  has  20 
consumed  1n  It  and  it  will  probably  burn  up. 


watts 


Anytime  you  find  a  resistor  burned  up  In  a  circuit,  you  Should  carefully  c,heck 
the  circuit  to  be  sure  there  is  no  short  which  would  cause  excess! ve'cuf^nt 
to  flow.    Remember,  a  short  means  that  the  resistance  has  decreased  »to  a  ToW;v 
value.    From  Ohm's  Law,  a  decrease  in  resistance  would  mean  an  increase  in 
current.    It  is  this  increase  in  current  that  would  inGrease  the  power  con- 
sumed by  the  part. 

To  memorize  Watt's  Law  and  all  of  1t5  variables,  we  can  use  an  aid  similar  to* 
the  aid  used  to  memorize  Ohm's  Law.    The  Want's  Law  memory  aid  1s  also  called  a 
PIE.    (Since  P  *  I  X  E;this  is  usually  an  easier  equation  to  remember.)  . 


CURRENT 
IN  AMPS 


$4 


POWER  IN 
WATTS 


VOLTAGE 
I N  VOLTS 
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/  I 

You  can  use  the  Wattes  Law  Pit  just  like  /uu  used  the  Ohm's  law  Pit  ; 

^  •  To  find  the  power,  simply  put  your  A  iTT^^ovlr  the  letter  P 
and' you  get  P  -  I  X  t.  /  f 


To  fl  rid  the  voltage,  simply  put  yy  our  finger  over  the  letter  t 
and  you  get  ^  „    P  . 


Toyind  the  current  ,  simply  ^ut  your  finger  over  the  letter  I 
ancf  you  get  r       P  . 


'  E 


Let's  try  some  example  problems  for  each  equation.  Remember  you  must  know  two 
of  the  three  terms  to  solve  for  the  third. 


Exaiilp.le  A:    To  find  the  power  when  the  voltage  and  current  are  known 


tqpation, 


I..X  t 


E^IOV 


Voltmeter 

reads 

10V* 


Ammeter 
reads  1A 


P  =  E  x  I 
P  -  10  x  1 
P*=  10  watts 


Example  I):    To  find  the  current  when  the  voltage  and- power  are  known; 
Equation  .  P 


RESISTOR  

US/NG5WA7T5 


Vol  tine ter 

reads 

20V 


I  a 


I 


20  ■ 
I  -  .25  amps 


"  *  tl.~BE-lX' 
Power/and  Watt's  Law 


Example  C:    To  find  the  voltage  when  the  current  and  power  are  known*. 
Equation  c      P  , 


RESISTOR 


USING  I  WATT 


Ammeter 
reads  2A 


P 

•  T 

•  l 

•  1 


E  =  ».5  Volts 


••V 


Occasionally  you  will  work  with  products  that  have  a  horsepower  rating.  One 
horsepower  (Hp)  is  equal  to  746  watts.    All  power  equations  apply  to  horsepower 
ratings  in  watts,  the  same  as  any  other  wattage  rating. 
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Self-Test 


his  basTc  circuit  is 
used  for  al  1  of  the 
practice  problems 


L  L-Bt  -  lf> 
Power/and  Watt's 'Law  / 


R 


You  may  refer  to  the  Information  Sheets  for  any  equations 


,1:  p  = 

y        I   =  2  A 
E  =  3  V 

) 

4.    P  =1  W 
I  ^  .001 

E  « 

7".    P  =  10  W 
I  =  2  A 
E  = 

10/  P  = 

I  =  20  mA 
.    E  =  20  V 


8. 


P  =" 

I  *  .5*  A 

E  =  12  V 

P  =  2  W 

I  = 

E  =  5,0  V. 

P  = 

I  =  .05 

E  -  10  V 


11. ^vf  =  <25  W 
I  =  125  mA 

E  = 


3.    £  =  .5  W 
I  -  2  A 

6.    P  ■  .25  W 
I 

E  =  5Tv| 

9.  R  =  .5  n 
'  *    I  *  5  mA 

E  =  . 

12.    P  =  10  W 

'•   I  *  50  mA 
E  = 


X 


r 
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Task 


V  tL-Bt-16 
Power/and  Watt's  Law 


Materials  required: 

1.  Low-voltage  power  supply     '       '  M 

2.  Two  resistors,  1/4  watt  10  Q J  1  watt  10  fl 

3.  Voltmeter  0-30  VDC 


Procedure: 


Step  1.    Connect  the  circuit  as  shown  below  using  the  1/4  watt  resistor.  • 
CAUTION:    Power  "OFF"  and  observe  polarities. 

i 


LOW\  4.^ 
V0LWGC  v 
DC 

POWER  . 
SUPPLY  -  O- 


IO-*  I  #  WATT 


/ 


Step  2. 


Step*  3, 


Step  4., 


With  the  voltage  control  at  minimum, *turn  the  power  switch  to»"0N"  and 
slowly  raise  the  applied  voltage  until  the.  resistor  begins  to  get 
warm.    Let  the  resistor  operate  at  this  maximum  condition  for  several 
minutes  while  you  note  the  maximum  operating  condition  6f  a  1/4  watt 
resistor.   Carefully  touch  the  resistor  with  your  finger  to -note  Its 
temperjtur^.  •    *  * 

Raise  the  applied  "loltage  slowly  until  the  resistor  heats  and  burns  ,  . 
open.    Note  and  record  the  value  of  the  applied  voltage  when  this 
happens.  |N0JE:    When  the  resistor  has  opened  there- will  no  longer  be 
a  current  path,  current  will  no  longer  flow,  and  the  resistor  will 
have  .Infinite  resistance.  ■ 

Applied  voltage  when  resistor  opened: 

Compute  and  record  ihe  amount  of  power  that  the  resistor*was- 
dissipating  at  the.  time  it  opened. 

Power  dissipation  at  time  of  failure:  • 


.'Step,  -5. 

Step. 6. 


Step  7> 


Reconnect  the  circuit,  using  a  1VU:\  watt  resistor.     '  . 

Apply  the.  same  voltage  which  destroyed  the  1/4  watt  resistor  in  Step  4, 
noting  the  operating  tempera>tu re  Of  the  hi gher  wattage  resistor. 

How  does  the/  operating  temperatureo.f  the  Resistors  in  Step  2  and  6 
compare?    *  v.     vv.  '*• 


Final  V 


est 


i 


Power/dnd  Watt  s  Uw 


The  following  questions  refer  to  this  circuit. 

****** 


E  . 


1.  P  ■  2  W 

I  «  1  mA 
E  = 

2.  P  »  2  W 

I  =  .05  A 

E  = 


3. 


P 
I 

E 


20  W 
.5  A 


0 


R 


5.  P 
I 

E 


.25  W 

250  V 


50'  mA 
500  V  ' 


6.  P  =  .25  W 

.    I  =  2  mA 

E  - 


8. 


A  115  V  electric  heater  furnishes  1150  W  of  heat.  What  is  the  operating 
current? 

a.    1.0  A  b.    1.150  A  c.    10  A 

What  current  does  the  average  115  V  100  W  light  bulb  draw? 

a.  .087  A  .  b.   -.87  A  c.    1500  A 


•  V 


Final  Evaluation 


'Name 


Accurately  completed  a  task  demonstrating 
P,  I ,  and  t  relationships 


4 


Answered  questions  on  a  Final  Test  "With 
80%  accuracy 


t 
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Date 


OK  RE-00 


7  'V 


Answers 


Sel f-Test  Answers 

1.  6  W 

2.  6  W 

3.  .2b  V 

4.  1000  V  or  1  kV 

5.  .04  A  or  40  mA 

6.  .05  A  or  50  mA 

7.  5  V 

8.  .5  W 

9.  .100  V 

10.  ,4  W 

11.  2  V 

12.  200  V 


.  4 
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K-IRCHOFF'S  CURRENT  LAW 


Goal: 


) 


The  apprentice  will  be  able  to 
u.se  Kirchoff's  Law  in-  computing 
current  values  of  electrical 
circuits.  ' 


Performance  Indicators: 


1.    Describe  Kifchoff's 
Current  Law. 

2\    Describe  algebraic  suns, 

3.    Solve  for  current  through 
resistors. 


BASIC  ELECTRONICS 


Kirchhoff's  Current  Law 
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Objectives 

Given: 

Resistors  of  different  values 
A  multimeter 

A  circuit  breadboard  for 
constructing  simple  circuits 

,A  power  supply 


A  Final  Test  on  Kirchhoff's  Current 
Law  . 


.     II. -1)1 -U) 
'f      Kirchhoff's  Current  .Law 


The  student  will: 

Apply  Kirchhoff's  Law  for  current 
in  a  simple  circuit  with  one  voltage 
source.'  ' 

Solve  for  affl  unknown  current  using 
Kirchhoff's  Current  Law. 

Complete  a  Final  Test  with  an 
accuracy  of  80%. 


Directi6n$ 

«0btaf>h  the /oil  owing  material: 

1000  ohm  resistor 

20,000  ohm  resistor 

10,000  ohm  resistor  " 

Circuit  breadboard  •, 

Power'  supply  capable  of  providing  0-30  volts 

Multimeter  capable  <^  measuring  currents  0-300mA 
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Learning  Activities  »  * 

* 

___   Study  the  Key  Words  list. 

Read  ,the  Information  Sheets. 

^  " 

Do  the  Self-Test. 

Do  the  Task  foT  Kirchhoff's  Current  Law. 
Do  the  Final  Test.  / 
Ob&in  Final  Evaluation.  ( 


i'J'3 
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Kirchhoff's  Current  taw 


Key  Words 


Kirchhoff's  Current sLaw:  "The  algebraic  sum  of  the  currents  entering  any  point 
*and  leaving 'any  point»must  equal  zero." 

»»*".'  * 
The  result  of  adding  positive  and/or  negative  numbers.  In 


Algebraic  Sum:  The 
electrical  cigcui ts : 


t  . 


vA.    Cur-rents  entering  a  pointy  are  assigned  a' positive  value  (  +  ). 
B, '  Currents  leaving  a  point  are  assigned  a  negative  value  (-). 

]r_:  Symbol  which  represents  current  flow  through  a  resistor  (rtoti<flN:he  'R' 
is  written  in  a  lower  position);  i.e..,  , 

ID    =  current  flowing 'through  resistor  R, 

1D    3  current  flowing  through  resistor  R,  \.»  . 

■'  *  >>'• 

1  i  *  > 

R:    Symbol  which  specifies  a  certain  r&s^stor;  i.e.,  - 

Ri  =  resistor  number  T  in  the  circuit  \ 

R;,  =  resistor  number  2  in  the  circuit  » 

Rj  =  resistor  number  3  in  the  circuit  • 


l  OA' 
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Information  Sheet  . 

» 

About  Kirchhoff's  Laws      ■  •  , 

>' 

KJrchhoff 's  Laws  are  very  useful  in  learning  to  work  on  electronic  products. 
The  usefulness  results  from  a  common-sense  understanding  of  the  laws  and  not 
•just  being  able  to  work  out  problems.    Simply  stated,  Kirchhoff's  Laws  say 
that  you  cannot  get  more  voltage  or  current  out  of  a  circuit  than  you  put  into 
i  t. 

Assume  that  you  are  measuring  a  DC  voltage  of  about  50  volts  in  a  circuit  that 
operated  from  a  25  volt  supply.    An  "error  light'"  should  come  on  in  your  mind 
saying,  "Hey,  if  I  only  started  out  with  25  volts,  then  that's  the  most  I  can 
measure  so  my  reading  of  50  volts  must  be  incorrect." 

A  similar  condition  could  occur  while  making  a^current  measurement.    If  you 
are  measuring  75  milliamps 'in  part  of  a  circuit  that  has  a  total  supply  current 
of  only  50  milliamps,  then  again  the  light  should  aome  on  and  §ay,  "Hey,  if  the 
whole  circuit,  only  draws  50  milliamps,  then  that  is  the  mos't  that  can  be 

measured." 

\  * 

The  unlikely  readings  you  may  obtain  for  the  two* examples  above  should  tell  you 
to  recheck  your  instrument  readings  or  further  examine  the  circuit  for  possible 
shorts.  .(Shorts,  or  less  resistance,  create  more  current.) 

Kirchhoff's  Laws  keep  us  on  track  by  reminding  us^ that  the  maximum  values  we 
can  measure  will  depend  on  the  maximum  vol tage  and  current  supplying  our 
circuit.'  , 

These  next  two  learning  packages  will  make  you  familiar  with  two  of  the  more 
popular  aspects  of  Kirchhoff's  Laws:    one  package,  Kirchhoff's  Law  for.  current, 
and  one  package,  Kirchhoff's  Law  for  voltage  using  one  voltage  supply. 

'  Kirchhoff'.s  Current  J.aw  far  One  Voltage  Source  • 

»      ,  I 
-Kirchhoff's  Law  fo,r  current  can  be  stated  technically:    "The  algebraic  sum  of 
the  currents  entering  any  point*and  leaving  any  point  in  a  circuit  must  equal 
zero."    Let's  try  to  restate  the  law  in  plain  language.    "The  total  current 
entering  a  circuit  must  be  equal  to  the  total  amount  of  current  leaving  the 
circuit."    Study  the  i  1  lustration- o(i  the  following  page. 
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Figure  1 


The  term,  algebraic  sum"  in  the, original  technical .  expiate  .ion  refers  to  adding 
positive  and  negative  numbers.    By  marking  the  currents  entering  our  circuit 
positive  values"  and  marking  the  currents  leaving  our  circuit  "negative 
valueV  and  then  adding  them,  we  should  arrive  at  the  answer  "zero."    If- both 
of  these  current  values  are  equal,  then,  by  using  a  basic  rule  of  addition  that 
states  "when  two  equal  but  opposite  numbers  are  added,  they  cancel  and  equal 
zero,    you  can  easily  solve  the  problem.    Examples  of  equal  but  opposite  


bers  are  +5  and  -5, 


num- 


) 


Using  the  circuit  above' as  an  example,  notice  that  the  current  leaving  the  power 
supply  and  entering  point  A,  the  iriput  to  our  circuit,  is  5  amps.  Since  this  is 
the  current 'entering  the  point,  we  will  mark  this  ^alue  +5A. 

We  mark  two  currents  Idavi ng ^point  A  with  negative  values:  .  I2  =  -1  A^and  . 
I?  -  -4  A.    By  faking  the  sum  of  these  2  currents  (-1)  +  (-4)  =  -5  A,  we\can  * 
state  the  tvotal  value  of  the^two  currents  leaving  the  point  A  as  -5  A.  V 

Now,  if  we  add  the  current  entering  the  point  A  (+5  A)  to  the  current  leav- 
lni!j^e_Roj_nLA  (-5  A),  we  get  zerc>  for  an  answer,    (+'5  A)  +  (-5  A)  *  You 
have  just  ftaken  the  algebraic  sum  of  two  values  which  equals  zero.    This  is  an 
important  step,  to  the  Understanding  of  Kirchhoff  s  Curren^Taw':  ' 

Let's  use  point  B  of  the  same  circuit  in  Figure  1  as  another  example.  The 
currents  entering  point  B  we  will-label  a*  I,  (+1  A)  and  I,  (+4  A)..  The  total 
current  entering  point  B  is  I,,(l  A)  +  \,  (4  A)  or  ♦  U.    The  ammeter  fL  shows 
b  amps  leaving  point  B;  this  can  be  written  as  -5  ky  The  current  leavinq  point 
B  is  now  -5„A.  •  ,  . 

Now,  we  che^ck  by  adding:    (+5  A).  +  (-5  A)  =  zero.  ' 
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That  part  of  Kirchhoff s  current  law  that  states  "entering  any  point  and  leaving 
any  point"  can  also  refer  tb  a  resistor  branch  and  could  be  restated:  "entering 
any  parallel  resistor  branch  and  leaving  any  parallel  resistor  branch."  Now 
the  law  could  look  something  like  this:    "the  algebraic  sum  of  the  currents 
entering  a  parallel  resistor  branch  and  leaving  that  same  parallel  branch  must 
equal  zero."    Study  the  i llustration  below. 


Figure  2 


Observe  that  the  current  entering  this  resistor  network  is  equal  to  1  amp.  The 
current  leaving  point  A  is  split  into  3  different  current  paths.    But  since 
they  are  all  leaving,  you  can  mark  all  of  them  negative  values  as  follows: 
I,  =  -.5  A,  I2  =  -.2  A,  I 3  =  -.3  A.    The  total  amount  of  current  at  point  B* 
could  be  expressed  as  -1  amp,  by  adding:    (-.5)  +  (-.(3)  +  (-.3)  =  -1. 

Now  take  the  algebraic  sum  of  these  two  current  values,  the  entering  current  of 
+1  amp  and  the  leaving  current  of  -1  amp.    (+1  A)  +  (-1 -A)  =  0.    This  is  just 
another  application  of  Kirchhoff Ms*  Current  Law. 

■ 

Let's  try  another  application.    Study  the  illustration  on  the  following  page. 
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Kirchhoff s  Laws  can  also  be  used  to  solve  for  an  unknown  current.    The  problem 
is  to  find  the  value  of  current  path  I1(    See  if  you  can  follow  along  wi-th  me 
and  come  up  with  the  same  answer  as  I  do. 

1.  If  It,  or  the  total  current  entering  the  branch  of  point  A  is  +2A,  then  * 
-    -2A  must- leave  the  branch  at  point  B. 

2.  Currents  add  in  parallel  circuits.    We  can  account  for  -.9A  of  the  total 
-2A  by  adding  current  I2  and  current  I3.    (-.5A)  +  (-.4A)V=  -.9A.  Since 
these  are  currents  leaving  the  branch  at  point  B,  we  can  inark  the  total 
current  at  this  point  as  (-.9A  +  x),  the  x  represent ing/th'e  unknown  cur- 
rent 1 1 .  ♦ 

• 

3.  -fNow  we  can  set  up  an  algebraic  equation  like  this: 

It  +  x  +  I2  +  I3  =  0 

If  we  substitute  our  known  values  for  the  symbols  ivn  the  equation,  it 
reads:  <  x 

+2A  +  x  '+  (-.5A)  +  (-.4A)  ■-  0  * 
f2A  +  (-.9A)  +  x  =  0 
+1.1A  +  x  *  0  ' 

x  =    -1.1A  *  * 
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4.    For  proof,  we  can  substitute,  the  values. 

n't  *  11  +  l/  +  13  "  0 
•    >2A  +  (-1.1A)  +  (-.5A)  +  (-.4A)  =  Q 

+2A  +  (-2A)  =0  • 

0  =  0 


/ 


5.    By  inserting  the  value  (-1,1A)  for  x,  or  the  unknown  Ilt  we-have  written 
an  equation  which  'repeats  our  working  statement  of  Kirchhoff's  Law:  "The 
algebraic  sum  of  the  currents  entering  any  parallel  resistor  branch  and 
the  currents  leaving  that  same  paral lel-resi stor  branch  must  equal  zero." 


Consider  the  next  application  by  studying  the  diagram  below. 


)■ 


Our  problem  in  this  application  is*  to  find  the  current  entering  the  branch  that 
would  be  measured  by  meter  Mj,. 

The  currents  leaving  point  A  and  dividing  between  the  three  resistors  in  ' 
parallel  are  indicated  by  the  meters  Mg,  M3  and  M,(.    Since  these  currents  are 
leaving  point  A,  they  will  all  have  negative  values.    By  adding  these ^together, 
(-1)  +  {-.$)  +  (-.7)  we  , get  -2.2  or  -2.2  A.  ■».>•• 

By  remembering  that  the  total,  current  entering(a  resistor  branch  and  leaving  a  » 
resistor  branch  must  be  equal  in  value  but  opposite  in  polarity  (+  Instead  of  -) 
we  know  that  meter  M]  will  have' to  read  +2.2  A.    Let's  try  the  final  proof  by 
taking  the  algebraic  sum  of  those  two  values.    (-2.2  A)  +  (+2.2  A)  -  0.  It 
checks  out  %o  2.2  A  is  then  the  current  Value  for  meter  Mj. 
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Self-Test 


1.    Using  Kirchhoff 's^ Current  Law,  perform  the  addition  that  will  show  the 
algebraic  sum  ef  'the  currents  entering  any  'point  and  leaving  ahy  point  are 
equal  to  zero. 


m 


.3A:-300mA 
+    .2A- 200mA 

.IA;  100mA 


2.    Usfing  Kirchhoff  s  Current  Law,  solve  for  the  current- through  resistor 

R3  (M3). 


3.    Use  the  diagram, in  question  #2  and  the  value  you  arrived  at  for  question  §2 
to  solve  for  what  meter  Mi,  will  measure. 
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Jumper  wires  will  be  labelled  with  the  letter  J.    They  wtll  connect  two  termin- 
als.   The  terminals  are  labelled  with  letters  A  through  M.  Remember  that  the  + 
and  -  refer  ,to  the  way  you. will  connect  the  meters  when  you  remove  the  jumper 
wir.es. 


Step  1.     Construct  the  following  circuit  on  your  breadboard. 


SET  SUPPLY 

.  TO  20  VOLTS 


^  ) 


R,  S  20,000-^     Rz  NJO.OOO  ^  R3 


1.000 


Step  2. 
Step  3. 
Steir4. 


Step  5. 
Step  6. 
Step  7. 


Make  sure  all  jumpers  are  in  place. 

Set  your  multimeter  to  read  250  or  300  mA.  ■ 

Remove  jumper*  J)  and  install  your  mete*  between ^the  t\*o  points  'A' 
and  'B.'  Be  sure  to  observe  correct  polarfty  when  installing  your 
ammeter.  ,  Polarity'  is  marked  for^each  jumper. 


Set  your  power  supply  to  +20  Volts*  O.C.  / 
Read  the  current  entering  the  three  resistors. 
Replace, jumper  dp" 


mA. 


11 


2C1 


EL-BE-18 
Kirchhoff 1  s  Current*  Law 


Step  8.     Remove  juniper  J5  .and  install  'your  meter  between  points  'L,'  and  |'M.\. 

Step  9.     Read  the  current  leaving  the  resistor  network1.  mA. 

DISCUSSION:    The  current  entering  the  resistor  network  should  equal  the  current 
leaving  the  resistlbr  ne.twouk. •  If  your  readings  in  Step  6  and  Step  9N^o  not 
match,  consult  your  instructor  for  assistance. 

Step  10.    RepVace  jumper  J5. 

Step  11.    Remove  jumper  J2  and  insert  your  meter  to  measure  the  current  thr6ugK) 
.  Rt  and  record  .the  value.  ]  mA.  «  • 

Ste^p  12.    Remove  jumper  J2'. 

Step  13.    Remove  jumper  J3  and  insert  your  meter  to  measure  the  current  through 
R2  and  record  the  vajue.  .  mA. 

Step  14.  '  Replace  jumper  J3.      *  t 

Step  15.    Remove  jumper  J4  and  insert ^your  meter  to  measure  the  current  through 
■  .      resistor  R3.and  record  the  value.   '  v         .  mA. 

» 

Step  16.    Record  the  currents  measured  for  each  resistor  below  from  steps  11,  13, 
and  15.  ,  fc  „ 

From  Step  11,  current  through  R!   mA 

From  Step  13,  current  through  R2  ^  mA 

.        From  Step  15,  current  through  R3  _^  :  mA 

Step  17.    Total  alT  three  currents  and  record  the  value.   rmA. 

Step  18.    Record  the  current  entering  the  network  from  Step  6.         *  '  mA. 

Step  19.    Record  the  current  leaving  the  network  from  Step  9.   mA. 

Step^2Q__Did  the  three  currents  for  Rla  R2,  and  R3  equal  the  current  entering 
the  network  and  leaving  the  network?  

i  * 

DISCUSSION:    The  total  amount  of  current  flowing  through  all  three  resistors 
should  equal  the  amount  of  current  entering  the  three  resistors  and  leaving  the 
three  resistors:    Due  to  the  resistor  tolerances  and  the  exact  way  you  read  • 
your  meter,  your  answers  may  vary  plus  or  minus.  \Q%< 

Step  21.    Obtain  your  instructor's  evaluation  for  Task  A.- 
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Task  B 

Jumper  wires  will  be  labelled  with  the  letter  J.    They  will  connect  two  terminals. 
The  terminals  are  label  Ted  with  letters  A  through  M.    Remember  that* the- +  and  - 
refers  to  the  way  you  will  connect  the  meters  when  you  remove  the  jumper  wires. 

.» 


® 


Jl 


b; 


SET  SUPPLY 
TO  15  VOLTS 


-r  -V 


R,> 20,000^     R'eSio.oob^  ,P3j>  iooo* 


Step  1 

Step  2. 
Step^3. 
Step  4. 

Step  5. 
Step, 6: 
Step-  7. 


Construct  the  same  circuit  that  you  used  for  Task  A  as  illustrated 
in  the  diagram  above. 

Make  . sure  all  jumpers' are  in  place.  > 

Set  your  multimeter  to.  read  250-300  mA. 


Remove  jumper  Jt  and  install  your  meter  between  the  two  points  'A' 
and  'B. 1    Be  sure  to  observe  the  correct  polarity  when  installing  your 
ammeter.    Polarity  is  marked  for  each  jumper. 


Set  your  power  supply, to  read  15  VDC. 

Read  the  current  entering  the  resistor  network. 

Replace  jumper'^.  \ 


mA. 
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Step  8.     Remove  jumper  Jt  and  install  your  -meter  be  tweerffto  in  ts  'L'  and 

Step  9.    'Record  the  current  Veaving  the  resistor  network.          ,  •       mA.  The 
•current  entering  the  resistor  network  should  equal  the  current  leav- 
ing the  resistor  network.    If  your' readings  in  Ste,p  6  and  Step  9  do 
not  match,  consult  your  instructor.  ,  a' 

'Step  10.    Replace  jumper  J,'.-  ■  * 

Step  11.  Remove  jumper  J2  and  insert  your  meter  to  measure  the,current  through 
s  Ri  and  record  the  value.  mA7. 

.Step  12.    Replace  jumper  J2- 

Step  -13.    Remove  jumper  J3  and  insert  your  meter  to  measure  the  current  through 
resistor  R2  "and  record  the  value.   .  mA. 

Step  14.    Replace 'jumper  J3.  '  •  1  « 

Step  15.    Record  the  total  current  entering  the  resistor  branch  t"hat  was 
measured  in 'Step  6.  .  t 

•  * 

Step  16.    Record  the  currents  leaving  point  U  that  were  measured  in  Steps  IV 

,    and  13.  < 

»  » 

Current  through  resistor  Rj  from  Step  11   mA.  «  . 

Current  through  resistor  R?  from*Step  13   mAr 

Steo  17.    Total  the  known  currents  leaving  the  br.anch  at  point  N  by  adding  the 
'  two  values  in  Step  16  above.  mA. 

DISCUSSION:    The  total  current  entering  the  branch  or  entering  point. 'M'-  is 
measured  at  jumper  Jj.    Two  of  the  three  currents  known  to  be  leaving  point  \H*' 
were  measured  at  j2  for  Rl  and  at  J3  for  R2.    To  visualize  these  currents,  it 
is  best  to  pencil  in  those  values  directly  on  the  circuit  diagram  used  for  this 
task.    Srnce  you  know  that  the  entering  current  must,  equal  the"  leaving  current, 
you  can  reason  that  the  difference  between  the  known  entering  currents  and  the 
known  leaving  currents  must  be  *he* amount  of  current  leaving  point  'N'  and 
going  through  resistor  R3.  '  , 

p 

Step  18.    Subtract  the  two  known  currents  leaving  point  'N'  from  the  entering 
"  current  measured  at  Jj  and  record  the  value.   mA. 

Step  19 j    Remove  jumper  J,,  and  insert  your  meter  to  measure  the  current  leaving 
point  T!'  via  resistor  R3  and  record  the  value.  mA*. 

DISCUSSION:    Steps  18  and  19  should  be  close  to' the  same  value".  .  In  this  task 
we  chose  ^o  t^ke  a  common-sense  approach  to  solving  for  the  unknown  current.' 
It  is  possible  to  use  Kirchhoff's  CurrerR  Laws  to  solve  this  problem.  However, 
you  should  alwayfc  try  to  visualize  the  solution  first.    This  will  be  of  the 
greatest  benefit*  when  working  on  an  electronic  ^circuit.    In  the'  information 
sheets  you  will  find  the  method  used  to  solve  for  this  kind  of  problem  using 
the  math  in  Kirchhoff's  laws.  m' 


Step  20.    Get  your  instructor's  evaluation. 

•  14 


204 


EL-BE-18 
Kirchhoff s  Current  Law 


Final  Test  '  ^ 

1.  Using  Kirchhoff  s  Current  Law, .  perforin  the  addition  that  will 'show  the 
algebraic^sum  of  the  currents  entering  any. point  and  leaving  any  point 
are  equal  »to  zero. 


r 

i 

L 

—  .8A=800m/\ 
|T^+  ;.5A-:500mA 


2.    Using  Kirchhoff 's  Current  Law,  solve  for  the  current  through  resistor 
R3  (M3).  :  - 

M4 


3.    Use  the  diagram  in  question  ffZ  and  the  value  you  arrived  at  for  question 
#2.  to  solve  for  what  meter  M.(  will  measure. 
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Final  Evaluation                           \  : ' 


*  OK  .  Re-Do 


Completed  Final  Test  with  an  a^uracy 

of  80  percent  •  '  " 

Completed  Task  A  • 

ori  Kirchhoff's  Current  Laws  • 
Completed  Task  B  < 

on  Kirchhoff  s  Current  Laws  •  •■• 

Jfe  all  checks  indicate  OK,  proceed  to  the  npt  learning  package. 
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l„    +  I„    +  .3A  =  0 


(-.1A)  f  (~.2A)  *  .3A  -  0 


2.    Mi  current  equals  1.6A* 
*Algebraic  proof  optional 


(-4A)  +  ID    +  2A  =  0 


(-.4A)  +  2A  -M 


2  , 


1.6A  *  -I 


I 


R. 


1.6A 


3.    M„  =  2A  •■    ■  ^ 

♦Current  is  the  same  in  all  parts  of  a  series  circuit. 
♦Current  entering  the  branch  will  equal  the  current  leaving  the^ranch. 
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Goal: 
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The  apprentice  will  be  able  to  \ise 
Kirchoff's  Law  in  solving  voltage 
problems. 


Performance  Indicators: 


1.    Describe  <Xirchoft"  's  Voltage 
Law. 

2*    Solve  unknown  voltages  througtt 
the  application  of  XirchoffVs 
Law. 
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Objectives 

Given:  » 

i  \ 

Resistors  of  different  values 

/  ' 
A  multimeter 

^ 

A  circuit  breadboard  for  constructing 
simple  circuits 

A  power  supply 

A  Final  Test  "on  Kirchhoff's  Voltage 

law  ' 


Directions 

V* 

Obtain 'the  following: 

2  each  1000  ohm  resistor 
1  each  100  ohm  resistor 
1  each  470  ohm  resistor 
A  multimeter 

A  power  supply  capable  of  30VDC 
A  circuit  breadboard 


The  student  will : 

i 

Mark  the  correct  polarity* across 
resistors  in  a  series  circuit. 

» 

Apply  Kirchhoff's  Voltage-law  in'a 
stmple  circuit  with  one  voltage 
source. 

Solve  for -an  unknown  voltage  using 
Kirchhoff's  Voltage  Law. 

Complete  a  Final  Test  with  an  accu- 
racy of  80  percent. 


Learning  Activities 

 _    Study  the  Key  Words  list. 

  Read  the  Information  Sheets. 

Do  the  Self-Test. 

  Do  Task  A  for  Ki rchhof f ' s  Voltage  Law. 

  Do  Task  B  for  Kirchhoff's  Voltage  Law. 


Complete  Final  Test'. 
Obtain  Final  Evaluation. 


3 
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Key  Words 


Kirchhoff' s  Voltage  Law:  The  algebraic  sum  of  the  voltage  sources  and  IR  drops 
must  total  zero  around  any  closed  path. 

Algebraic  Sum:    The  result  of  adding  positive  and/or  negative  numbers.  In« 
electrical  circuits:  »  v  .  ' 

/ 

A.     Voltage  drops  are  assigned*  a  Negative  value  (-).  ,  ' 

fe.     Voltage  sources  are  assigned  positive  value  (+). 

Closed  Path:   Another  name'  for  a  circuit  that  makes  a  complete  loop  between 
the  plus  (+)  and  minus  (-)  points  of  a  voltage  souncfe. 

IR  Drop:    Same  meaning  as  voltage  drop'.    (Noticte  the  I  and  R  are  on  the  same  • 
line.    When  E ■  ■  .1  x  R  applies  to  the  voltage  across  a  resistor,  Jt-he* letters 
IR  may  be  used  to  mean  voltage  drop.  ^  .  V 

A.  '  IRj  =  voltage  drop  across  resistor  Rx. 

B.  IR2  =  voltage  dr*op  across  resistor  R2.- 

Remember  that  IR  (the  R  dropped  below  the  I)  stands  for  current  flow  through  a 
resistor. 

R:    (symbol)    Specifies  a  certain  resistor. 
*      Ri  =  resistor  number  1  in  the  circuit.  v"  * 
R^  =  resistor  number  2  in  the  circuit. 


er|c  212 


EL-BC-19 
Kirchhoff  s  Voltage  Law 


Information  Sheet  <• 

KIRCHHOFF" S  VOLTAGE  LAWS' fOR  ONE  SOURCE 


Kirchhoff  s  Voltage  Laws  are  of  particular  importance  because  you  will.^se  a 
voltmeter  more  often  than  an  ammeter  in  analyzing  a  circuit.    Hence,  you  will 
be  working  with  voltages.-'  Technically  stated,  Kirchhoff  S  Voltage  Law  says: 
"the  algebraic  sum  of  the  voltage  sources. and  *R  voltage  drops  must  total  zero 
•  around  any  closed  looV    Stated  more  simply,  if  you  add  all  the  voltage  drops 
together  in  a  series  circuit,  the  total  voltage  drops  will  equal  the  applied 
voltage.    Oh,  oh,  that  word  algebraic  sum  again.  * 

Remember  that  we'can  do  an  algebraic  sum  because  we  assign  either  positive  or 
negative  values  to  our  numbers.  -Voltage  drops  are  assigned  negative  (-) 
values  and  the  voltage  sources  positive  (+)  values.  v 

In  the  following  illustration,  the  "voltage  drops  will "be  marked  as  follows:  . 
IRl  =  -2V-,  IR2  =  -4V,  IR3  =*-6V  and  IR^  =  -8V.  .   .    '  -  '  ' 

rWhen  you  begin  with  an  applied  positive  voltage  and  then 'have  a  series  of 
voltage  drops,  each  drop  will  cause  the  voltage'at  the  end  of  a.  particular 
resistor  to  be  less  positive,  or  negative,  as  contpared  to  the  applied  voltage. 
This  can  be  more  easily  seen  if  you  consider  the  direction  of  electron  current' 
flow  through  the  four  series  resistors.    Electron  current  always  travels  from  a 
negative  value  to  a  positive  value.    With  this  in  mind  we,  are  able  to  mark  the 
polarity  of  the  voltage  drops  acoss  each,  resistor'by  starting  with  a  (-)  value 
at  the  bottom  of  resistor  "R^  since  it  is  hooked  directly  to  the  (-)  terminal  of 
our  voltage  source.    We  then  follow  with  (-)  to  (+)  markings  abspss  each 
resistor  until  we  get  to  the  positive  terminal  of  the  voltage  source.    To  get  a 
better  idea  of  this  concept,  study  the  following  illustration. 


20V  • 


LD/RECTI0N  OF  CURRENT- 


>"\IR. 

>  2  VOLT  DROP 

►J/VOLTDROP 
*  (blOJDFDP 

8  VOLT  DROP 
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This  next  illustration  is  showing  what  the  actual  measured  voltage  would  be  at 
the  end  of  each  resistor.    The  meters  Mj  -  M«*  would  read  as  follows: 


Mi  =  20  volts  less  0  drop  or  20  volts 
M2  =  20  volts  less  the  2  volt,  drop  across  Rj 
Mi  =  18  volts  less  the  4  volt  drop  across  R2 


Or  18  volts 
or  14  volts 


Mil  =  14  volts  less' the  6  volt-drop  across  R3  or, 8  volts 


^D\RECT10H  OF  CURRENT  FLOW 


Notice  that  the  meter  in  each  case  in  the  chart  above  measures  what  voltage  is 
left  over  after  subtracting  the  voltage  drop.    Be  careful  not  to  confuse  the 
measured  voltages  with  the  voltage  drops.    The  voltage  drops  are  the  values 
that  would  be  read  on  a  meter  if  the  meter  was  placed  directly  across  (in 
parallel  with)  each  resistor.-   The  polarity  siqns  (+)  and  (-)  indicate  how  you 
would  place  the  neter  probes  when  making  Wse  measurements:    the  (-)  side  of 
the  meter  to  the  (-)  side  of  the  resistqrMand  the  (+)  side  of  the  meter  to  the 
(+)  side  of  the  resistoY.    This  type  of  circuit  is  often  referred  to  as  a 
voltagevdivider  because  the  voltage  is  divided  up  between  the  different, 
resistors. 

Now,  let's  get  back  to  the  problem* of  taking  the  algebraic  sum  so  we  can  prove 
Ki.rchhoff's  Voltage  Law, 

Let's  add  up  all  the  voltage  drops  in  this  series  circuit  on  the  following 
page  and  see  what  we  get  for  an  answer. 

IR,  -  2  volts        •  ,  <v 
IR2  =  4  volts 

IR3  =  6  volts  *  •   •  '  .  ' 

•  IRl  =>8  volts  v 
20  volts  total  (Does  this  number  \look  familiar?) 
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+ 


-0/ RECKON  OF  ELECTRON 


eVy. 


Twenty  volts  is  the  samp  value  as  the  applied  voltage  'from  our  battery.    You  may 
be  getting  ahead  of  me,  but  let's  try  to  apply  Kirchhoff s  Voltage  Law  for  this 
circuit.  • 

Remember  the  law  states  that  the  "algebraic  sum  of  the  voltage  drops  plus  the 
applied  voltage  must  equal  zero." 

Getting  back  to  an  earlier  rul%  involving  the  numbers,  remember  that  the  drops 
will  be  assigned  (-)  values  and  the  applied  voltage  (+)  values. 

The  drops  total  -20  volts  and  the  source  +'20  volts.    Let's  add- them  together.. 
(-20)  +  (+20)  ■  0.    This- proves  that  Kirchhoff 's  Voltage  Law  works  in  our  circuit. 

Let's  try  another  example  of  how~we-j&an  apply  Kirchhoff  s  Law  by  considering 
the  following  circuit. 


+ 


IO  VOLTS 


R,  S  3  VOLT  DROP 
7  VOLT  DROP 
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With  a  three  volt  drop  across  R^  what  is  £he  voltage  you  would  measure  between 
point  B  and  the  negative  side  of  the.  battery?        -  Did  you  guess  seven 

volts?   You  are  correct  if  that  is  the  value  you  picked.    Therten  voTt  supply 
less  the  three  volt  drop  across  resistor  RY  equals  seven -volts  left.  NOTIpE 
the  measuring  from  B  to.  the  negative  terminal  of  the  battery  i s , the  same^  read-  - 
ing  that  you  would  get  measuring  across  R2  as  the  bottom  of  R2  is  connec'ted" 
directly  to  the  negative 'terminal  of  the  battery.  • 

Let's  try  a  little  more  difficult  circuit  and  see  if  you  can  use  the  same  rule 
to  solve  for  an  unknown  voltage.  . 

Study  the  circuit  below: 


—  zov 


■  \ 


CURRENTS. COMBINE--^  [  ® 


REMEMBER  the  drops  qre  considered 
negative  and  the  source  positive. 
First,  let's  try  a  little  simpler 
approach  to  this" problem  by  putting 
down  some  figures  that  we  know 
about  this  circifit.  '   


First:  *  Add  up  the  known  voltage  drops./  (t5)  +  (-3V)  =-8V* 

*Be  careful  to  include  only  one  3V  drop  when  adding  all  the  drops  together, 
Voltage  drops  across  parallel  resistors  are  NOT  separate  drops. 

Second:     Let's  add  the  voltage  drop  total  to  the  source, 
(-8V)  +  (+20V)  -  12V 


9 
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Third:      We' know  that  the  algebraic  sum  of  those,  two  values  should  equal  zero; 
therefore, 'the  extra  12  volts  must  be  the  drop  across  resistor  R;,. 

♦ 

Fourth;  '  Let's  prove, ft  by  adding  that  value  to  our. voltage  drops.  We  need 

to  add  up  the  drops:'  (-5V)  +  (-3V)  +*(-12V)  =• -20V.    Next  ado\this 
value^to  bur  voltage  supply,' of  +20V.  r 

Adding,  we  get  ( -20V)  +  (+20V)  =  Q.»  Since  the  albegraic  'sum  now  equals  zero, 
the  12  volts  must  be  the  correct  drop  across  R2.    Algebraically  it  could  be 
written  as  follows:  .  * 


(-5V)  +  (IR2)  +  (-3V)  +  (+20V)  *  0 
(-8V)  +  (IR2)  +  (20V).  =  0 
(-8V)'+  (20V)  ='-IR2 

(+12V)  =  -IR2    '  " 

fR2  =  -12V 


The  above  mathematics  is  anqalgebraic  proof  (which  may  be  confusing  if  your 
algebra  is  slipping), 'but  the  answer  that  took  all  the  math  is  the  same  answer 
that  you  got  just  using  some  common  sense.    Perhaps  you  can  see  why  we  stress' 
understanding  the  problem  first  and  always  trying  to  visualize  a  common  sense 
approach  before  beginning  the  mathematical  approach.    In  this  way,  when  you  do 
more  complicated  math'^you  will  have  an  idea  of  the  correct  answer  before  you 
begin.  '  ■  • 

Kirchhoff's  Laws  can  be  expanded  to  includemany  more  complicated  circuits,  \ 
some  including  two  voltage  sources.    These  you  will  learn  in  a  later  course 
if  you  decide  to  continue  your  electronics  training. 
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Self-Test 

* 

1,   Using  Kirchhoff's  Voltage  Law,  perform  the  addition  ttiat  will  show  the 
algebraic  sum>of.the  voltage  source  and  IR  d^ops  will,  equal  zero  around 
any  closed  path.  y  .  ^ 


~    2  VOLT 
=r-  SUPPLY* 


IrV£>\/ 


2.    Using  Kirchhoff's  Voltageaaw,  solve  for  the  voltage  drop  across  R, 


—  20VOLT 

—  SUPPLY 


3.    Using  Kirchhoff's  Voltage  Law,  solve  for  the  voltage  of  the  battery. 


VOLTAGE  -  ? 


10 
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Answers  '.  ^> 

1.    (-4VIR!)  +  (-2VIRX)  +  (-6VIR3)  +  (12V)  =0 
(-12V)  +  (12V)  «  0 


2.   .IR2  =  8V* 

*Mathematic  prqp/ optional 

Possible  approach  could  be  simply  to  use  the  rule  that  the  sum  of  all 
voltage  drops  must  equal  the  supply  voltage. 

•  (-:vir,)  •+  (IR,)  +  i-»jvii<j).+  20  =  0      .     •  * 

(-12V)  +  (20V)  -  -IR2 
*  8V  =  -IR2 

"       -8V  ■  IR2 


3.    The  battery  voltage  *  18V 


The  simplest  approach  would  be  to  consider  tftat  the  sum  of  the  voltage 
drops  has  to  equal  the/supply. 


Mathematical  proof:, 
(-6VIR1)  +  (-12VIR2)  +  V  =  0 
-18V  +  V  =  0 

« 

V  =  18  volts 


* 


*  4 
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Task  A  % 

Obtain  the  following: 

1  each  100  ohm  resistor 

2  each  1000  ohm  resistor 
1  each  470  ohm  resistor 

1  each  multimeter  • 

1  each  power  supply  capable  of  +30VDC 

leach  circuit  breadboard 


\ 


Construct  the  following  circuit  on  your-  breadboard: 


+ 


ELECTRON  FLOW- 


R; 


Ra  5  i5r 


J 


/ 

Step_h  Determine  the  correct  polarity  (  +  )  and  (-)  across  each  resistor  and  mark 
the  correct  symbol  at  each  end  of  each  resistor  on  the  above  diagram. 

Discussion:    Remember  to  begin  at  the  negative  end  of  R^.    That  -1s  the  end  of 
the  resistor  connected  directly  to  the  (-)  side  of  the  voltage  supply.  Voltage 
drops  are  always  marked  from  (-)  to  (+)  across  each*  resistor  In  the  direction 
of  electron  current  flow; 


Step  2:    Obtain  your  instructor's  evaluation. 
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Task  B  ~ 

Use  the  same  circuit  constructed  for  Task  y\. 
* 

$j£P  )  '•    bet  y°ur  Power  supply  to  +20VDC. 

<»< 

Step__2:  Measure  the  voltage  drops  across  each  resistor  and  record  in  the  chart 
below" 


 „  ...  ;   IR,  V 

-  IR?   V 

Remember  to  put  the  meter  c 
\     probes  across  each  resistor  IR3  i  V 

according  to  the  polarity  • 

you  marked  on  the  diagram.  IRi«   V 


Step  3 


Step  4 


Step  5 


Total  all  the  voltage  drops  in  Step  2  and  record.    V 

Record  the  voltage  supplied  by  the  power  supply.   V 

Do  Steps  3  and  4  match?         .  ;  .       .  ^ 


Discussion:  Your  answer  should  be  yes.  You  may  notice  a  slight  difference  due 
to  rounding  off  the  numbers  or  sUghFmeasurement  error.  All  the  voltage  drops 
should  add  up  to  equal  the  applied  voltage  in  any  series  circuit  or  closed 

loop. 

Step  6:    Complete  a  mathematical  proof  using  Kirchhoff  s  Laws  that 
"algebraic  sum  of  the  voltage  drops  plus  the  applied  voltage  equal 
Remember  to  assign  negative  values  for  the  drops: and  positive  value 
applied  voltage.    Put  your  answer  1n  the  space  pjtovlded  below. 

Step  7:    Obtain  your  instructor's  evaluation. 

1 


\  < 

,    -  13 

.  v  221 


EL-BE-19 
Kirchhoff's  Vbltage  Law 


T^sk  6 

Use  the  same  circuit  used  In  Tasks  A  and  5.  I 

Step  1 :    Reduce  the  applied  voltage  to  15VDC. 

Step  2;    Measure  and  record  the  following  voltage  drops. 

IRi  V 

IR2   V 

?Ri/  _V 

*  Step  3:    Total  all  the  voltage  drops  from  Step  2  and  record.    V 

Step  4;    Record  the  applied  voltage  from  the  power  supply.  V 


Step  5:    Do  the  voltage  drops  total  to  equal  the  applied  voltage?   

Step  6:    Explain  why  the  two  values  of  voltages  are  not  equal. 

0 

A 

Step  7:  .  Without  measuring  the  IR  drops  with  a  meter,  estimate  what  the  voltage 
drop  should  be  across  reslsitor  R3.   t_  V. 

t 

Step  8:    Using  a  meter  to  measure  the  voltage  drop  across  R3,  measure  and 
record  the  voltage  drop.   .  »  . 

Discussion:    You  should  recognize  that  when  ALL  the  voltage  drops  are  added 
together  they  will  equal  the  applied  voltage.    You  should  be  able  to  estimate 
the  unknown  value  of  IR3  by  taking  the  difference  between  what  you  know  to  be 
the  total  applied  voltage  and  the  known  voltage  drops.    *  * 

Step  9:    Using  the  value  of  IR3  obtained  from  Step  8  above,  add  up  all  the 
voltage  drops  and  record  below. 

•  IRi   V 

IR2  V 

IR3   V 

Total  of  drops   i  Volts 

The  new  value  of  the  total  drops  should  equal  the  applied  voltage  1n  Step  5 
because  all  resistor  drops  are  now  Included  1n  the  answer. 

Step  10;    Obtain  your  instructor's  evaluation, 

14 
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Final  Test 

*  * 

1.   Using  Klrchhoff  s  Vo/tage  Law",  perform  the  addition  that  will  show  the 
algebraic  sum  of  the  voltage  source  and  IR  drops  will  equal  zero  around 
any  closed  path,    Show  alTwork. 


(20  VOLTS 


R|1  >  I9,r'5V 
f 

t 

IR3-8V 


2.    Using  Kirchhoff's  Voltage  Law,  solve  for  the  voltage  drop  across  R2. 


R2  J  >  IR2  =4 V 


3.    Using  Kirchhoff's  Voltage  Law,  solve  for  the  voltage  of  the  battery. 
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IR,=7V 
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Final  Evaluation 


OK  Re- Do 


Completed  Final  Test  with  an  accuracy 
of  80  percent 


Completed  Task  A 


Completed  Task  B  - 
Completed  Task  C 


When  all  checks  indicate  OK,  proceed  to  the  next  learning  package. 


\ 


/ 

*  t  • 


» 


J*  * 
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SERIES  RESISTIVE  CIRCUITS 


Goal: 


ERIC 


The  apprentice  will  be  able  to 
compute  voltage,  current  and 
resistance  in  a  series  circuit. 


Performance  Indicators: 

1.  Qftnpute  current. 

2.  Compute  resistance. 

3.  Compute  voltage. 


BASIC  ELECTRONICS 


Series  Resistive  Circuits 
EL-BE-20 
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Objectives 
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Series  Resistive  Circuits 


Given: 

A  power  supply  and  four 
resistors  connected  In 
series 


Questions  and  problems 


The  student  will : 

Calculate  the  total  resistance. 

Calculate  the  current.  In  $he  circuit. 

Calculate  the  voltage  acrosfs  each 
resistor. 

Connect  the  circuit  together  and 
measure  .the  current  and  the  voltages. 

Connect  a  circuit  consisting  of  the 
power,  supply  and  a  single  resistor  of 
equivalent  value  and  remeasure  the 
current.  ^ 

V 

Complete  a  Flnalr Test  with  an  accuracy 
of  85  percent. 


Directions 


Obtain  the  following  material: 

■ 

DC  power  supply  * 

**• 

Resistors  (1/4  W,  2%)*     330,  470,  lie,  1.5k,  and  3.3k  ohms 

<* 

Any  OC  voltmeter  and  ammeter  (separate  meters  or  a  combination  meter) 
Interconnecting  leads  or  wires  to  connect  the  parts 

Learning  Activities 

  Read  Key  Words  list  " 

  Read  Information  Sheets 

_          Do  Self-Tests  '   •  " 

Do  Task 


Do  Final  Test 

Obtain  Final  Evaluation 


8 

CO 


* 1/4  watt  minimum,  2  percent  suggested  tolerance 
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Absorbed  energy/power:    Power  or  energy  consumed  by  an  electrical  component  or 
circuit.  > 

Charge  (to) ;    To  supply  power  to  a  device  that  can  store  energy  such  as  a 
battery. 

Equivalent  circuit ;    An  electrical  circuit  that  Is  equivalent  to  another  more 
complicated  circuit  In  the  sense  that  It  draws  the  same  amount  of  current  from 
a  voltage  source  as  does  the  original  c1r?u1t. 

Equivalent  resistance:  ;A  single  resistance  equivalent  In  value  to  the  combina- 
tion of  two  or  more  other  resistors.  * 

IR  drop:   The,  voltage  drop  associated  with  a  resistor.  ' 

Power  dissipation:   Power  absorbed  In  an  electrical  component. 

Series  connection:    A  method  of  connecting  electrical  components  so  that  one 
end  and  only  one  end  of  each  component  connects  to  each  of  the  other  components. 

Supplied  or  delivered  power/energy:   Power  or  energy  produced  or  given  up  by  a 
source  such  as  a  voltage  source  like  a  power  supply  or  battery. 

Voltage  drop:    A  decrease  In  voltage  caused  by  an  electrical  component -absorb- 
ing energy  or  power;  current  entering  the  more  negative  end  of  the  component 
results  In  a  voltage  drop  across  the  component  In  the  circuit. 

Voltage  riser   Ah  Increase  In  voltage, caused  by  a  source  supplying  energy  or 
power  to  a -circuit. 
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When  two  or  more  resistors  are  connected  end  to  end,  they  are  In  series.  One 
lead  of  one  resistor  connects  to  only  one  lead  of  the  next  resistor  and  so  on, 
The  current  leaving  one  resistor  Is  exactly  the  same  current  that  enters  the 
next  resistor.    So  the  current  Is  ajways  the  same  for  any  resistors  In  series 
with  each  other.   In  Figure  1  the  current  1s  12.5  mA  In  each  of  the  three 
resistors  and  also  1n  the  voltage  source.  V 

Suppose  you  were  not  told  what  the  current  was.   You  onTy  know  the  resistance 
values  and  the  source  voltage.   You  can  solve  for  the  current  by  knowing  how 
resistors  combine  when  they  are  In  series. 


+  I  7Rjr]O0JL 


IH2.5roA 


EW0V-=17>  12.5mA  fe« 

1>  12.5mA 


i 


[L- 12.5mA 


Figure  1 


Resistance  In  Series  Adds 


Suppose  a  piece  of  wire  Is  cut  from  a  spool  of  wire,  and  then  a  second  piece  Is 
s  cut  that  Is  twice  as  long.   The  second  piece  will  have  twice  as  much  resistance 
as  the  first.   Also,  two  pieces  of  the  same  length  connected  together  in  series 
will  have  twice  the  resistance  of  each  of  the  single  pieces.  * 

In  Figure  1,  the  total  resistance  In' the  cfVcu It  (called  Rt)  Is  the  sum  of 
the  resistances  of  all  the  resistors. 

m  h  ■  Ri  ♦  R>  ♦  R3 

Rl  -  100  ft,  R2  •  200  ft,  R3  ■  500  ft,so  Rt  ■  100     ZOO  *  500  ft 

Rt  •  800  ft 

The  total  resistance  of  resistors  In  series  Is  always  LARGER  than  the  resis- 
tance of  any  one  of  the  resistors.  /  « 

To  find  the  current  In  the  circuit  replace  all  qf  the  resistors  by  a  single 
resistor  with  a  value  equal  to  the  total  resistance.  This  resistance  Is  called 
the  equivalent  value  of  resistance,  or  Just 'equivalent  resistance* 
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* 

When  two  or  more  resistors  are  connected  end  to  ^end,  they  are  In  series.  One 
lead  of  one  resistor  connects  to  only  one  lead  of  the  next  resistor  and' so  on. 
The  current  leaving  one  resistor 'Is  exactly  the  same  current  that  enters  fhe 
next  resistor.    So  the  current  Is  always  the  same  for  any  resistors  1n  series 
wltti  each  other.    In  Figure  1  the  current  Is  12.5  mA  In  each  of  the  threi 
resistors  and ^al so  In  the  voltage  source. 

Suppose  you  were  not  told  what  the  current  was.    You  only  know  the  resistance 
values  and  the  source  voltage.    You  can  solve  for  the  current  by  knowing  how 
resistors  combine  when  they  are  In  series. 


\ 


IH2.5mA 


+  Li  Rir'00J 
E'WVjs  1 1>  12.5mA 

-T»  * 


R2r 

5C0* 


I-- 12.5mA 


I--l2.5mA 


Figure  1 


Resistance  In  Series  Adds 


Suppose  a  piece  of  wire  Is  cut  from  a  spool  of  wire,  and  then  a  second  piece  Is 
cut  that  Is  twice  as  long.  The  second  piece  will  have  twice  as  much,  resistance 
as  the  first.  Also,  two  pieces  of  the  same  length  connected  together  In  series 
will  have  twice  the  resistance  of  each  of  the  single  pieces. 

t 

In  Figure  1,  the  total  resistance  In  the  circuit  (called  Rt)  Is  the  sum  of 
the  resistances  of  all  the  resistors.. 

Rt  -  Ri  ♦  R?  ♦  R$ 
R\  -  100  n ,  R2  -  200  ft ,  R3  •  500  ft, so  Rt  •  100  ♦  200  ♦  500  ft 

Rt  ■  800  ft 

The  total  resistance  of  resistors  In  series  Is  always  LARGER  than  the  resis- 
tance of  any  one  of  the  resistors. 

,#        •  ■ 

To  find  the  current  In  the  circuit  replace  all  of  the  resistors  by  a  single 
resistor  with  a  value  equal  to  the  total  resistance.   This  resistance  Is  called 
the  equivalent  value  of  resistance  jpr  Just  equivalent  resistance. 
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Figure  2  Is  equivalent  to  figure  1.  In  the  sense  tyiat  the.  same  current  flow's 
from  the  voltage  source'.  . 


Apply  Ohm's  law  to  the  circuit  of  Figure  2.j^| 

E 


I  = 


h 

.  10V 

1  =  TO 

I  =  010125  A  -  12.5  mA 


Example  1 


—I 


I  =  ("2.5  wA 


X  =12.5  *A 


600n 


figure  2  " 


-L 


R+  -  30ft 


Equivalent  Circuit 


Rt     Rl  +  &2  +  &3  ♦  H< 

Rt  3  2.5k  .+  7.$k  +  5k  ♦  15k 

Rt  »  3Qk 


I  = 


JL 

Rt  , 

150V 


150V;  kt  «  30k 


You  should  remember  from  the  Metric  Prefix  package  k  •  1000  and  ni  fc  "fljgfl  ■  0.001. 


So  I 


150V 


30  x  10OO  ti  *  °-005  A"  0.001  x  5  -  5  mA 


Also,  I 


yjjfc  «A  " .  5  mA  $1  nee  kt  ■■  -~L  and  m  « 
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Self-Test  No.  1 

K   Four  resistors  are  connected  In  series.  Their  resistances  are  125,  250, 
75,  and  300  ohms  respectively.  What  is  the*  equivalent  value  of  resistance 
for  the  series  combination?  '        „  .  ; 

2.   Determine  the  value  of  current  In  each  re$1s,t0f  and  the  source. 


er|c 


0 
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Review  of  KVL  * 

Now  that  you  have  learned' how  to  calculate  the  current  In  a  series  circuit,  you 
can  prove  Klrchhoff's  voltage  law -still  works. 

t  1 

Going  back  to  Figure  1  before  the  exajnple,  you  can  calculate  each  of  the 
.  voltage  drops.   The  current  was  12.5  mA  In  the  circuit. of  Figure  1. 

I  X  R  -  E 

i  *  .  ' 

-For  ft i  which  was  100n  ,  the  drop  Is  IRi  -  (12.5mA)  x  (100ft)  -  1.25  volts 

For  R2               200ft  ,  .  ^    IR2  -  (12.5mA)  x  (200ft)  -  2.50  volts 

For  R3                ,500ft  ,  IR3  -  (12.5mA')  x  (500ft)  ■  6.25  volts 

The  total  voltage  drop  if  $.00  volts 

4 

The  source  voltage  1s  E  -  10  volts,  so  the  source  voltage  minus  the  voltage 
drops  1$  10V  -  10V  -  0  volts.  '  ' 

Also,  1n  Example  1,  I  «  5  mA  and,  1 

IRl  «  (5mA)  x  (2.5k)  -    12.5V  Rj -  2.5k 

IR2  -  (5mA)  x  (7.5k)  -  "37.-5V  R2  -  7.5k 

IR3  -  (5mA)  x  (5k)     -    25V  R3  -  5k 

IR4  *  (5mA)  x  (15k)    -    75V  R4.  -15k  >  • 

Total,  drop  «  150V  E  ■  150V  * 

so,  E  -  150  ■  150  -  150  -  0,  and  KVL  Is  again  demonstrated.  * 

Voltage  Sources  In  Series 

Voltage  sources  In  series  add  In  the  same  way  as  resistors,  with  one  additional 
concern..  The  polarity  of  each  source  must  be  the  same  before  the  values  are 
added.    If  the  polarity  1s  opposite,  then  the  value  must  be  subtracted  Instead 
of  added.  4 


For  example 


'^l|b^|l|t-  Is  «,U1v,lent  to  -Inl- 


and iov 


U  «|u1  valent  to  ^1, 
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*  *  » 

Were  are  twa  examples  to  show  how  to/solve  series  droits  with  more  then  one 
voltage  sourje.     '  / 


Example  2 


^^^^^ "   ^y^^ 


— — i 


R,  =  1 50 -a  700-"; 


R3r 


R5-30Oa        -  lOCMi-  I  250-a- 

i  — 


Equivalent  Circuit 


IA  the  equivalent  circuit 

Et  "  El  V  E2     and  Rt  -  Rj  ♦  R2  ♦  &3  ♦  «4  ♦  R5 
15V  -  10V  U  5V    1500  fl  -  150  +_7O0  +  250  ♦  100  ♦  300Q 

So  I  -  -|-  -  where  Et  ■  15V  and  Rt  -  1500ft 


I  - 


15V 

T5TO  "  °*01  A  -  10  mA 


KVL!lsS  h?!d!  for  $er1e*  c1rcu1t$  «<th  "ort  thin  one  source,  but  It  must  be 
modified  slightly.  , 

The  sum  of  volt Jge  RISES  from  voltage  sources  MINUS  the  sum  of  voltage  DROPS 
equals  ZERO  or  the  sum  of  voltage  RISES  EQUALS  the  sum  of  volte*  DROPS. 

The  voltage  rise!  are  always  due  to  a  source.   If  the  current  enters' the  (♦) 
positive  end.  It  |s  a  voltage  rise.  1  . 

The  voltage  dropslare  almost  always  due  to  resistors  (IR  drops),  but  may  also 
be  due  to  a  sourc/  that  Is  charging,  which  means  absorbing  energy  rather  than 

!nulilnLener2!/w  If,.th?  curPint  enter$  the  <->  native  end,  then  It  Is  a 
voltage  drop  whether  it  Is  a  resistor  or  a- source.' 

In  this  exampl/  (Example  2)  there  are  two  voltage  rises,  Ei  and  t2.  Notice 
that  the  current  Is  entering  the  (♦)  end  of  each  source.      <  2 

Ei  -  10V  an/ £3  ■  5V,  so  the  total  yoltage  rise  Is  10V  ♦  5V  -  15V. 


9 
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9 

ERIC 


There  are  five  voltage  drops.  Remember  that  IR  means  voltage  drop.  Notice  the 
current  enters  the  (-)  end  of  each  one. 


IRl  -  (0.01A)  x  (150n) 

IR2  -  (0.01A)'  x  (700n) 

IR3*  «  (0.01A)  x  (250") 

IR4  -  (0.01A)  x  (100Q) 

IR5  -  (O.OIA^  x  (300«) 
Total  drops- 


1.5V 
7.0V 
2.5V 
1.0V 
3.0V 


I  -  0.Q1  A      H\  *  150« 

R2  -  700n 

R3  -  250n 

R4  -  loon 

R5  ■  300rt 


■  15.0V 

and  you  see  that  total  rise  (15V)  equals  total  drop  (15V). 

Example  3: 

>  - — I 


■II 


2Q  V~=F 


5V 


£ 


>R2r 


500 


JX 


15V  2 


t 


Equivalent  Circuit 


Rt  «  R\  +  R2  ♦  R3 

Rt  -.1000  +  500  +  1500  -  3000  a 
15V 


Et  -  Ei  ♦  E2  -  E3 

Et  ■  20  ♦  5  -  10  -  25  -  10  -  15V 


I 


E 


WW 


■  .005A 


also  since  3000 n  «  3k 

I  ■  -jjp  ■  i|  mA  »  5mA 

The  sum  of  the  voltage  rises  Is  only  i\  +  iz  since  current  is  entering  the  (-) 

end  of  E3.  * 

So  voltage  rise  equals  20V  +  5V  ■  25  volts 
The  voltage  drops  are: 

IRl  -  (5mA)x  (1000ft)  5V 

IR2  -  (5mA)  x    (500ft)  -  2.5V 

IR3  -  (6mA)  x  (1500ft)  -  7.5V 
E3  ■  lOV 
total  drops 


and  because  the  current  Is  entering  (-)  end  of  E3 


-  26V     which  equals-  the  total  rise  of  25  volts, 

* 

10 
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1.  Calculate  Et. 

2.  Calculate  R^. 

3.  Determine  the  value  and  direction 
of  the  current  In  each  element. 


50-*  »5V 
+£ — V\A— 

-T  250* 


AAA- 
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Power  in  Series  Circuits 

The  total  power  absorbed  In  any  circuit  Is  the  sum  of  the  powers  absorbed  in 
each  element  of  the  circuit.    It  doesn't  matter  how  the  elements  are  connected 
so  they  can  be  connected  In  other  arrangements  besides  In  series. 

1 7 

The  law  of  conservation  of  energy  says  that  the  total  energy  supplied  must 
equal  the  total  energy  absorbed. 

This  means  that  the  total  power  supplied  by  all  of  the  sources  that  are 
supplying  power  must  equal  the  total  power  absorbed  by  resistors  (or  sources) 
In  the  circuit.    If  a  source  Is  charging,  It  Is  absorbing  power.    It  Is  charg- 
ing 1f  the  current  enters  the  (-)  end  as  It  does  In  a  resistor. 

Review  the  formulas  from  the  POWER/WATT'S  LAW  package.   The  necessary  formulas 
are  repeated  In  the  REVIEW  OF  FORMULAS  section  below. 


Refer  back  to  Exampl 
circuits. 


to  demonstrate  the  use  of  these  formulas  In  series 
E  x  I  ■  P 


Ei  is  supplying  Ej  x  I  ■  (20V)  x  (5mA)    -  100  aid 


E2 

is  supplying  E2  x  I  ■  (  5V)  x 

(5mA)  - 

25  mW 

« 

Total  power  supplied 

■ 

125  mW 

E3 

Is  absorbing  E3  x  I  -  (10V)  x 

(5mA) 

-    50  mW 

Rl 

Is  absorbing  I2  x  Rj  ■  (5mA)2 

x  (lk) 

■   25  mW 

or 

(.005)2  x  (1000)  «  .025W  (25mW) 

R2 

Is  absorbing  I2  x  R2  •  (5mA)2 

x  (.5k) 

-  12.5mW 

«3 

is  absorbing  &  x  R3  ■  (5mA)2 

x  (1.5k) 

-  37.5mW 

Total  power  absorbed 

1 

-  125  nM 

■ 

20V 

CIMJIT 

E2 

■ 

5V 

n  VALUES 

E3 

m 

10V 

I 

m 

5mA  - 

.005A 

«1 

m 

1000  - 

lk 

m 

500  - 

0.5k 

m 

15Q0  - 

1.5k 

J 


which  equals  total  power 
supplied 


REVIEW  OF  FORMULAS  FOR  SERIES  CIRCUITS  > 
h  ■  Ri  +  R2  ♦  R3  +  and  so  on 

Et  "  El  ±  E2  t  E3  ±  and  so  on;  ±  means,  ♦or  -  depending  on  polarity 
P  -  E  x  I  %r  sources  or  resistors 
P  -  I2  x  R  . 


P  - 


E2 


for  resistors  only 
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Self-Test  No.  3  ' 

1.  Calculate  the  power  supplied  or  absorbed  In  each  of  the  elements  1n  Seif^l 
Test  2«  a  I 

2,  Show  that  the  power  absorbed  equals  the  power  supplied  1n  question  1. 


J 


* 
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Self-Test  No.  4 


1.  When  two  or  more  resistors  are  In  series  they  have  the  same 

a.   voltage.      h.   current.      c.   power.      d.  value. 
I 

2.  To  find  the  equivalent  value  of  resistors  In  series,  the  resistances 
must  be  ' 

a.   added.      b.    subtracted.      c.   multiplied.      d.  divided. 

3.  To  find  the.  equivalent  vaTue  of  batteries  In  series,  the  voltages  must  be 
1      a.   added.      b.  subtracted.^ 

\     c.   either  added  or  subtracted  depending  on  polarity. 

d.   either  multiplied  or  divided.  ^ 

4.  Four  resistors  (100,  200,  500,  and  50  ohms)  are  In  series.   The  equivalent 
resistance  Is 

a.    150  ohms.      b.   500  million  ohms.      c.   850  ohms,      d.   1300  ohms. 

5.  Solve  for  the  value  of  current: 

a.    3.3  mA  ^ 

c'    5  mA  I  T^A^AA^-^ 

6.    'of  A  tL^—  ^f** 

50V—  ?S 

6.  Solve  for  the  value  of  current:  -^Ar>  +  : 


+jvvv  Ti — ri 


a.  5.03  mA 

b.  25  mA  I      *~  V\Ar 

c.  1.05  mA  1-6*. 

d.  1.05  A 


7.  Solve  for  the  power  supplied  by  the  50  V  battery  In  question  #5. 
a.    250  mW      b.    50  mW      c.    25  W      d.    150  mW 

8.  Solve  for  the  power  absorbed  by  the  circuit  1n  question  #6. 
a.    5  mW      b.    15  mW      c.    75  mW      d.    126  mW 

t  /. 


14  . 

2<\Q 
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Find  the  total  equivalent  voltage  of  the  sources: 

a.    3V      b.    6V      c,    9V      d.  15V 

A.   

B.  .  • 


A.  -r|l|^l|b 


Find  the  equivalent  value  of  resistance  and  voltage  1n  the  circuit-  then 
solve  for  the  value  and  direction  of  current.  circuit,  then 


-AAA- 


rr 


—ZCN 


AAA 


I 


J 


IS 


241 


Task 


EL-BE-20 

Series  Resistive  Circuits 


Given  a  power  supply  and  the  following  resistors  all  connected  In  series,  330, 
470,  1  k,  and  1.5  k  ohms  each.    Set  the  supply  to  about  9  volts.   Measure  the 
supply  voltage  with  the  voltmeter. 

Calculate  the  total  or  equivalent  value  of  resistance. 

Calculate  the  value  of  current  that  would  flow  In  thedrcult  If  they  were  all 
connected  In  a  closed  (unbroken)  circuit  In  series.    See  the  figure.  4 

Calculate  the  voltage  that  would  fcxlst  across  each  resistor  In  the  circuit. 

Connect  the  complete  circuit  according  to  the  figure  using  the  Interconnecting 
leads  and  Including  the  ammeter.   Measure  the  current  with  the  ammeter. 

Disconnect  the  ammeter  and  measure  the  voltage  across  each  resistor  with  the 
voltmeter.  Remember  to  replace  the  ammeter  with  a  short  circuit  to  complete 
the  circuit. 

.  j 

Obtain  a  single  resistor  of  value  equal  to  the  value  calculated  for  the  total 
resistance.  Connect  this  resistor  alone  with  the  ammeter  to  the  power  supply 
and  measure  the  current.  Remember  the  resistor,  ammeter,  and  battery  must  be 
connected  In  a  closed  SERIES  circuit. 

All  of  the  currents  calculated  or  measured  should  be  the  same.   The  reasons 
,they  may  differ  are: 

♦ 

1.  The  meter  causes  errors  In  measurement. 

2.  The  actual  values  and  pMnted  values  of  the  parts  may  differ. 

3.  You  may  have  made  an  error  in  calculation  or  measurement. 

•  i 

Have  your  Instructor  check  your  results. 


Arrangement  "for 
measuring  current 
(note  polarity) 


Supply  /WMETtn 
J0  9V  - 


Arrangement  for 
measuring  1.5  k 
resistor  voltage 
* (note  polarity) 

330-*- 


VOUMETER 


V) 
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Final  Test  / 

1.  When  res1storsfor  other  electrical  components  are  connected  In  series,  the 
current  In  each  of-  the  components  will  always  be 

a.    zero.      b.   the  same.      c.   different*  , 

2.  Five  resistors  are* connected  In  series.   Two  of  the  resistors  are  50  ohms 
each,  and  three  of  the  resistors  are  20  ohms  each.   What  Is  the  equivalent 
resistance?  * 

,W  i  — Vs/v— - 

3.  Solve  for  the  equivalent  resistance  33fc  4.7ft 
in  the  circuit.  /"tJLF 


4.    Solve  for  the  current  1n  the  circuit. 


50V 

V  ,  

■AAA-  ■  AAA 


T  »  5K         .  l* 


5.   What  Is  the  total  equivalent  voltage  fly  /w 

of  the  two  sources  connected  as  shown? 


6.   What  1s  the  total  equivalent  voltage 
of  the  two  sources  connected  as  shown? 


7.    A  5k  resistor  and  a  25k  resistor  are  connected  In  series  to  a  voltage 
source.   Which  resistor  Is  absorbing  the  greater  amount  of  power? 
Calculate  the  power  In  the  5k  resistor  If  the  voltage  sourceMs  10  volts. 
Calculate  also  the  power  delivered  by  the  10  volt  source.  Hemember  to 
solve  for  the  current  first! 

v     A  '  ' 

•   '  23* 

JJ-W  -i—  » 


8.    Solve  for  the  val'ue  and  direction  of  the  current.  50-* 

+ 1   AAA- 

mmJLmtm 
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Calculated  resistance ,and  current. 
Calculated  voltages. 
Current  measured  In  original  circuit. 
Voltages  measured  In  original  circuit. 
Current  measured  1n  equivalent,  circuit 
Final  Test  85%. 


OK 


RE-DO 


When  all  checks  Indict.  OK,  proceed  to  the  next  taming  peck.ge. 


\ 


\ 


\ 
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Answers* 


Answers  to  Self-Test  #1   .         *  \ 

1.   Rt  «  750  ohms;  «Rt  ■•  125  ♦  250  ♦  75  ♦  300  ohms 
.2.   The  current  Is  the  same  for  all  series  elements. 

I  «  2  mA  or  0.002  A;    I  -  ~       ;  Rt  »  2k  ♦  lk  ♦  6k  or  Rt  -  9k 

i  > 

1  fl v 

1  "•*  W"     or  I  «  2  mA 

18V 

also  I  »  or  I  »  0.002  A  or  2  mA 

Answers  to  Sejf-Testt  #2 

1.  Et  -  10V  (same  polarity  as  25V  source);  Et  ■  25  -15  volts 

2.  Rt  «  400  ft;  Rt  -  50  ♦  100  +  250ft 

$•    I  8  0.025  A  or  25  mA  In  each  element;        Direction:  25V  down 

50ft        to  left 

.     h     .     10V  15V        to  left  , 

1  "  Rt  ;  1    OTft  v  100ft  up 

250ft       to  right 

Answers  to  Self-Test  #3 

1.   P2sv   ■  0.625W        supplied  since  current  Is  leaving  (-)  end 

Pl5V   "  0.375W 
P50V    "  0.3125W 

absorbed  since  current  Is  entering  (-)  end 

P100V ."  0.0625W 
p250V"  0.15625W 

Equations  used:   For  sources  (either  supplying  or  absorbing)  P  -  ExI 

For  resistors  P  ■  I2R 

I  >  0*025  A  In  all  cases;  E  or  R  depending  on  value  for  source  or  resistor 
considered. 

2*    Total  power  supplied  ■  0.625W 

Total  power* absorbed  -  0.625W  -  0.3125  ♦  0.0625  +  0.15625  ♦  0.375W 

pabsorbed •■  psappl led  since 
0.625W      -  Q.625W 

\  .••  •  . 


ERIC 


EURE„-20 

Series  Resistive.  Circuity 


Answers  to  SelMest  #4  *  . 

1.  b.   current  v  «  . 

2.  a.  added 

3.  c'  either  added  or  subtracted  depending  on  polarity 

4.  c.    850  ohms  , 
c.    5  mA 


5. 


6.    a.    5.03  mA 


7.  a.    250  mW  »'ExI  *  50x5mA; 

also  -  I*4k  +  I22k  +  I21.5k  ♦  I2.25k  ♦  I22.25k^  I210k 
since  power  supplied  equals  power  absorbed 

8.  q\    126  mW  -  I2(4970)  -  (25V)xI  "  ■ 

9.  A.  <1.    15V  -  6V  +  9V 
B.  a.    3  V  »  9V  -  6V 

10.    Rt  -  300  +  150  +  500  +  50  -  1000  Q 

25V 


I 


-  0.025  A  *  25  mA 


100ft 
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Goal : 


,  g-, 

,  ERIC 


The  npprentico  will  be  able  to 
cnlrijUito  current,  and  resistance 
in  n/ parallel  resistive  circuit. 


Performance  Indicators: 

1.  Calculate  total  resistance, 

2.  Calculate  total  current. 
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Objectives 

Given: 

A  power  supply  and  A  resistors 
connected  In  parallel 

An  ammeter  and  voltmeter' 

A  resistor  equal  1n  value  to 
the  4  parallel  resistors 

Questions  and  problems 


EL-BE-21 

Parallel  Resistive  Circuits 


The  student  will : 

Calculate  the  total  resistance. 

Calculate  the  current  1n  each 
resistor.  , 

%  Calculate  the  total  supply  current. 

Connect  the  circuit  together  and 
measure  the  currents. 

Connect  the^upply  to  a  single 
resistor  of  equivalent  value  and 
remeasure  the  supply  current. 

Complete  a  Final  Test  with  an 
accuracy  of  85  percent. 


Directions" 


Obtain  the  following  materials: 
A  DC  power  supply 

Resistors  (1/4  W,  2%)*  lk,  2.7k,  3.3k,  4.7k,  8.2k  ohms 
Any  DC  voltmeter  and  ammeter  (separate  meters  or  a  combination  meter) 
Interconnecting  leads  or  wires  to  connect  the  parts 
*l/4  watt  minimum,  2%  suggested  tolerance 


Learning  Activities  ' 

 ,  Study  the  Key  Words  list. 

■  Read  the  Information  Sheets. 

  Do  the  Self-Test. 

.  Do  the  Tasks. 

  Do  th<*  Final  Test. 

  Obtain  Final  Evaluation. 
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Key  Words 


Conductance  (6):   The  property  of  a  component  ttjat  allows  current  to  flow: 
the  larger  the  conductance,  the  larger  the  current;  the  opposite  of 
"esl stance. 

Mho  (u):   A  unit  for  conductance:    1  mho  equals  1  amp  divided  by  1  volt. 

Parallel  connection:  A  method  of  connecting  electrical  components  between  or 
across  the  same  two  voltage  points  in  a  circuit. 

Parallel  circuit:   A  circuit  where  all  the  components  are  connected  in 
parallel .  * 

Sieman  (S):    A  more  modern  unit  for  conductance,  equal  to  a  mho. 

Short  circuit:   A  condition  where  the  circuit  resistance  1s  zero. 
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Information  Sheet 

A  parallel  circuit  1s  one  1n  which  all  of  the  components  are  connected  in 
parallel.   That  means  that  each  component  1s  connected  between  or  across  the 
*  same  two  points.   Figure. 1  shows  a  parallel  circuit  and  the  two  points  are 
labeled  point  A  and  point  B.   As  you  can  see,  the  voltage  supply  1s  also  con- 
nected between  the  two  points  and  determines  the  voltage  between  points  A  and 
B.  ♦  The  voltage  across  each  and  every  component  has  to  be  the  source  voltage, 
and  for  this  reason  there  1s  only  one 
voltage,  the  source  voltage,  1n  a  par- 
allel circuit.   The  current  which  the  / 
source  produces  divides  at  point  A  Into 
the  separate  current  paths  through  each 
resistor.   These  separate  currents 
recombfne  at  point  B  to  provide  the  same 
current  entering  the  source  as  that 
leaving  tbe  source.   As  you  learned  1n 
the  Kirchhoff's  Current  Law  package, 

I   =  ll  +  I2  ♦  I3  or  1n  this  case: 

I,  *  0.5A,  I2  ■  1A,  and  I3  *  2A  so, 

3.5A  =  0.5A  +  1A  +  2A  or 


3.5A  f  3.5A 


Figure  1 


3<2A) 


Many  times  a  parallel  circuit  will  be  drawn  or  actually  connected  together  so 
that  there  are  more  thafl  two  points  1n  the  circuit.    In  Figure  2,  resistors 
R2  and  R3  are  connected* together  first 
to  form  points  C  and  D  before  they  are 
connected  to  the  rest  of  the  parallel 
circuit  at  points  A  and  B. 

In  Figure  2  the  currents  in  each  of  the 
resistors  and  the  total  current  are  the 
same  as  they  are  in  Figure  1.  The 
voltage  in  each  circuit  1s  also  the  same. 

The  only  difference  between  the"  two  circuits 
is  that  extra  current  paths  have  been  made 
between  points  A  and  D  and  between  B  and 
C.    If ,you  measured  the  current  1n  each  of 
these  extra  wires  you  would  measure  the  ^ 
sum  of  the  currents  1n  R2  and  R3  or 
•I2  +M3. 

In  other  words,  connecting  the  parallel  circuit  1n  this way  divides  the  total 
current  from  the  source  1n  stages  rather  than  all  at  once.   First  I.  is  sub- 
tracted from  I^polnt  A.   What  1s  left  1s  It  -  U  which  also  equals  h.\ 

This  remaining  current  divides  at  point  D  Into  the  separate  currents  I2  and  I3. 


Figure  2 
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tn  equation  form, 


it'- 


ll + 


I.  - -Ij  »  \x  +  I2  +  I3  -  Ii  subtracting  It  from  both  sides  of  the 

1  equation 
It  -  Ij  -  I 2  +  I 3  cancelling  the  It  terms 


r 


3.5A  -  0.5A  ■  1A  +  2A  for  the  values  of  Figure  2 

3A  =  3A  . 

*  * 

Of  course  the  currents  add  back  together  in  stages,  first  at  point  C  to  form 
I2  +  I3  and  finally  at  point  B  to  form  lx  +  I2  •+  I3  which  equals  I.< 

If  it  makes  it  easier  for  you  to  work  only  with  the  parallel  circuit  drawn  as 
in  Figure  1,  1t  1s  all  right  to  redraw  Figure  2%>  that  1t  looks  like  Figure  1. 
Just  combine  points  A  and  D  into  a  single  point,  and  combine  points  B  and  C 
into  a  single  point. 

In  Figures  1  and  2  suppose  you  were  not  told  that  the  voltage  was  6  volts,  and 
that  all  you  were  told  was  the  value  of  each  resistor  and  the  total  current  of 
3.5A.   You  can  solve  for  the  voltage  by  knowing  how  resistors  combine  1n 
parallel.    But  before  you  do  that,  you  should  know  what  conductance  1s.  Con- 
ductance is  the  exact  opposite  of  resistance. 

N  * 

A  resistor  with  a  large  value  of  resistance  has  a  small  value  of  conductance, 
and  ,a  resistor  with  a  small  value  of  resistance  has  a  large  value  of  conduc- 
tance.  Conductance  is  the  property  of  a  component  to  allow  or  to  accept  current 
from  a  source,  but  resistance  is  the  property  to  oppose  or  to  restrict  current 

flow.   The  symbol  for  conductance  1s  G  and  mathematically,  G  ■  ^, 

For  a  resistor  with  a  value  of  resistance  equal  to  R  ohms,  its  conductance  G  1s 
one  divided  by  the  value  of  R.    That  1s  the  same  as  saying  that  conductance  1s 
the  reciprocal  of  resistance.    Likewise  resistance  1s  the  reciprocal  of  con- 
ductance.  Review  the  package  on  Equations  1f  you  are  having  trouble  under- 
standing reciprocals.    The  unit  for  conductance  1s  the  mho/  More  recently  the 
unit  has  been  changed  to  the  Sieman  or  just  S,  but  many  people  continue  to  use  ' 
the  mho  since  it  1s  ohm  written  backwards.    The  mho  1s  abbreviated  by  the  ohm 
symbol  written  upside  down  y.    For  the  three  resistors  in  Figure  1  or  2: 


Gi  *  ^  G28|  G3  -  ~      and   Kl  *  12fl,  R2  *  6n,  R3  »'3n 


Gi  *  0;083u      G2  *  0.167U      G3  *  0.333« 

/ 
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Going  back  to  the  original  problem,  given  the  resistances  and  the  total  current, 
solve  for  the  voltage.  Fitst  combine  the  parallel  resistors  Into  one  equivalent 
or  total  resistance.   Tor  parallel  resfetors  you  add  their  conductances/ 

CONDUCTANCE  IN  PARALLEL  ADDS   -  : 

.   Placing  additional  components  in  parallel  adds  to  the  total  current  and 
increases  the  conductance  of  the  total  circuit.    Two  resistors  of  equal  value 
placed  in  parallel  across  a  voltage  source  will  draw  twice  the  current  as  either 
one  alone,  and  the  total  conductance  will  be  twice  the  conductance  of  either 
one. 

In  equation  form,  Gt  =  Gfj  +  G2  +  G3  and  so  on  for  parallel  resistors. 
In  Figures  1  and  2: 


G.  =  0.083U  +  0. 1670  +  0.333U 


0.583U 


1 

G, 


1 


0.583U 


Rt  =  1.715ft 


Since  the  values  for  6i,  G,,  and  G3  were 
already  calculated  as  0.083,  0.167,  and  "' 
0.333U. 

^  =  3.5A 


lh  =  3.5A 


G+=0.563 
R^- 1.715 


The  total  or  equivalent  resistance  of  resis- 
tors in  parallel  is  always  LESS  THAN  the 
resistance  of  any  one  of  the  resistors.  It 
is  therefore  always  smaller  than  the  smallest 
one.    Not1c<§that  1.715ft  1s  less  than  the 
smallest  resistance  of  3ft.    Figure  3  is  an 
equivalent  circuit  for  both  Figures  1  and  2. 
applying  ohm's  law  to  the  equivalent  circuit. 


Equivalent  Circuit  of  Figures 
■"1  and  2 


FIGURE  3 

The  voltage  can  now  be  solved  by 


E 

E  =  3.5A  x  }.7\6u 


ItxRt 


E  *  6'volts 


r 

7 


9 
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EXAMPLE  .1:   Four  resistors  are  1n  parallel  and  the  total  currenj  1s  44.4  mA. 

Gt  *  G,  +  G2  +  G3  +  G„      .  Ri  =  Ik,  R2  ■  2k,  R3  =  5k,  R„  ■  0.5k,  It  *  44.4mA 

6t  *  1*!  *  l2  +  ff3  +  JL  Calculate  Rt  and  E 

Gt  =  Tk  *  Ik  +  Ik  +  Ok  remember  k  •  1000;  m  =  0.001;  and  m  -  ^  * 

Gt  =  0.0Q1  +  0.0005  +  0.0002  +  O.OoJu    Als0  Gt  *  lm  *         +  0-2m  +  2m» 

Gt  =  0.0037U  or  3.7  mu 
1 

Rt  ■  £  -  2700  or  0.27kft 
E  =  lt*  Rt  . 

E  =  0.044A  x  270ft  also  E  -  44.4  mA  x  0.27k  *fc 

E  =  12  volts  E  *  12  volts  since  k  x  m  *  1 

You  can  double  check  Kirchhoff's  Current  Law  by  calculating  the  currents  in 
each  resistor  using  Ohm's  law. 


Il 

h  8 

E 

*2 

1 

II 

_  12V 
"Ik 

h  = 

12V  * 

2k 

t    .  12V 

13  "  w 

,    .  12V 
l"  "Ok 

II 

12mA 

h  * 

6mA 

I3  -  2.4mA 

Ii,.  -  21mA  \ 

•t 

=  Ii  +  h 

♦  I3  + 

U 

f 

=  12  ■+  6  ♦ 

2.4  + 

24mA 

=  44.4mA 

> 

>• 

*If  the  source  voltage  were  known  instead  of  the  source  current,  you  could 
solve  the  problem  In  the  same  way,  and  divide  E  by  ,Rt  (or  multiply  E  by  Gt)  to 

find  It<    Instead,  you  could  solve  for  each  of  the  Individual  resistor  currents 

directly  and  add  them  to  find  L> 

EE 
That  is  I,  «  *■  ,  I2  *  £  and  so  on. 

If  you  are  finding  the  equivalent  resistance  of  two*  resistances  only, .an 
alternate  formula  can  be  used. 


Rt  *  ft  I  +      f  or  two  resistances. 


8 
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In  words  the  formula  states  that  the  total  or  equivalent  resistance  of  two 
resdstors  in  parallel*  1s  the  product  of  the  two  resistances  divided  by  the 
of  the  two  resistances*. 


sum 


Actually  you  can  use  this  formula  when  there  are  more  than  two  rests tors  if  you 

combine  the  resistances  1n  stages  two  at  a  time.  Examples  3  and  4  will  show  how 
this  is  done. 

EXAMPLE  2:    Find  R. 


R.  * 


R.  = 


R  i  X  R? 
Rj  +  R2 

200  X  300  0 
200  +  300  " 


Kt      500  " 
Rt  =  1200  a 

EXAMPLE  3:    Find  R, 


Rl  ■ 
200-*' 


300^ 


R       =  ^2  X  ^ 

R     .  2000  X  4000  _ 
ti  '  2000  +  4000 


Rf    =  1333  a 


5*  = 


R,  X  Rt 

rT+X 


r  _  1000  X  1333  0 
Kt  "  '1000  +  1333  " 


1333 


571.4  Q 
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EXAMPLE  4: 

Find  Rt.   Two  different  ways  of  «omb1n1ng  resistors  two  at  a  time  are  shown  as 

well  as  the  method  using  conductances.   Compare  the  methods  to  see  which  yau 
prefer.    It  doesn't  matter  which  two  resistors  you  djomblne  f-irst.   Method  1 
and  method  2  are  different  only  because  different  resistors  are  combined 
first.   Method  3  combines  conductances. 


Method  1 
ti  Rx+R2 


(oOOJ 


,  t2  ^3^^ 


d    -600X400   n  .1200X1000 

Rt!  60M00  Rt2  1200+1  000 


Method  2 

R  -rR1Xj*t 

tj  Ri+Ri4 
J600X1000 


u  R  o  XR  ^, 
400X1200 


tj  600+1000  Kt/4o6+i|oo 


Method  3  * 
Gt-G1+G2+6^ 


R.  =240fl 


t  R.  +R. 


R«>545.5n 


R 


p  -^40X545.5 
Kt  240+545.5 


Rt  =  166.7  n 


R.  =375fi 
M 

Rf  XR, 

Kt  R/+R. 
M  t2( 

n  .375X300 
Rt  375+300 


Rt»166.7n 


R.  «300n 

t2 


N 


V  »0. 001*7+0.0025+ 
r  Q.00083+0.001 

Pt«o.o/6o 

•  ■■  /'■  r 

Batteries  are  generally  NOT  connected  in  parallel.    If  two  bat/er1es  are  placed 
in  parallel,  plus  side  to  plus  side  and  minus  side  to  minus  sjSe,  usually  one 
battery  will  be  supplying  power,  and  the  other  will  be  absorbing  power.   A  very 
large  current  will  flow  if  the  batteries  do- not  have  the  same  voltage.   The  same 
is  true  for  othef  voltage  sources. 


A  battery  that  is  absorbing  power  is  being  charged. 


This  can  cause  damage  to  the  batteries,  unless  done  undier  controlled  conditions 
which  include  the  following: 

••  * 

1.  Charging  only  rechargeable  type  batteries. 

2.  Observing  proper  polarity. 

3.  Manually  or^automatically  controlling  the  current  that  flows. 


10 
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Small  resistance  to  limit  current 


Battery  #2  1s  being  charged 


The  battery  with  the  smaller  voltage  is 
being  charged.    If  it  is  rechargeable, 
its  voltage  will  increase,  and  the  vol- 
tage of  the  battery  supplying  power  will 
decrease.    Charging  will  stop  (zero 
current)  when  the  two  battery  voltages 
are  the  same, 


If  the  two  batteries  are  placed  i(T 
parallel,  plus  side  to  minus  side  and 
minus  side  to  plus  side,  both  batteries 
will  be  short  circuited  by  each  other. 
This  will  cause  excessive  current,  and 
it  will  destroy  the  batteries. 


Excessive  current  flows 


REVIEW  OF  FORMULAS  FOR  PARALLEL  CIRCUITS 


Gt  ■  G2  +  G2  +  G3  +  Gi«  +  and  so  on 


Batteries  Shorted  and  Damaged 


l      k  j      i\2      "3  Ki| 
r    R    X  R* 
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Self-Test 

1.  Two  or  more  resistorsv^in  parallel  have  the  same 

a.    voltage.     b.    current.     c.    power.       d.  value. 

2.  To  find  the  equivalent  value  of  resistors  in  parallel  the  resistances  must 
be 

a.    added.       b.    subtracted.       c.    added  then  inverted, 
d.    inverted  then  added  and  the  result  inverted. 

3.  .  The  equivalent  value,  of  parallel  resistors- is 

a,    smaller  than      b.    larger  than       c.\  equal  to     d.  twice 
the  value  of  the  smallest  resistance.  \ 

4.  A  600  ohm  and  a  300  ohm  resistor  are  in  parallel.    The  total  resistance 

a.    900  ohms.    b.    300.  ohms.    c.  200  ohms.    d.    0.005  ohm. 

5.  Four  resistors  are  in  parallel,  a  lk,  2k,  and  two  4k' s.    R.  is 
a.    571  ohms.    b.    500  ohms.    c.  Ilk.    d.  Ik. 

6.  Solve  for  the  voltage  E  ' 


E  * 


-T 


3ft 


2fe 


7. 


Solve. for  I.  and  R. 

t  t 


E--25V. 


-I 


8. 


Rt  = 


Five  resistors  are  in  parallel.  R1  -  2k,  R2  =  3k,  R3  *  10k,  R„  *  5k  and 
R5  55  100  n.    Calculate  the  equivalent  resistance  R..- 

Rt  — . 


12 
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9,   Batteries  can  be  placed  1n  parallel  without  danger  or  damage  to  the 
batteries 


a.  no  matter  how  they  are  connected. 

b.  if  the  one  that  1s  charging  1s  properly  connected  and  is  a  recharge- 
able type. 

'*  c.   under  no' circumstances. 

\ 

10.   The  total  resistance  of  three  parallel  resistors  is  100  ohms.   One  of 
the  resistors  is  200  ohms  and  another  is  400  ohms.    Find  the  third  value. 
Use  the  conductance  method. 

R 


Ri  ■ 


11.    Which  battery  1s  being  charged 
(absorbing  energy)? 


13.2V' 


"I 


AAA 


~3iB 

— 1 1.7  V 


12.    Determine  the  value  of  the 
unknown  resistance  R  . 

Rj  ■  IS  fi 
R2  •*  10  n 
Rt  «  5  ft 


9 
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\ 


Given  a  power  supply  and  the  following  resistors  connected  1n  parallel,  2.7k, 
3.3k,  4.7k,  and  8.2k.   Measure  the  supply  voltage  with  the  voltmeter.  Calculate 
the  equivalent  value  of  resistance. 

Calculate  the  value  of  current  that  will  flow  when  the  supply  1s  connected. 
Use  the  measured  value  of  supply  voltage. 

Calculate  the  current  that  will  flow  1n  each  resistor. 

ItZtll  Jhe  c1rcu1t  "Jin9  the  Interconnecting  leads,  and  alternately  connect  the 

o7?hTr~uJ«l?S  WJth  "ch,res1stor-    In  this  way  measure  the  current  in  each 
ot  the  resistors.   See  the  Figure. 

SertheTigJre^  ******      Ser1es  w1th  the  *Wl*"to  measure  the  total  current. 

.f 

2^?^,t!1jl9?nnn!^S^r  of  ^  T*1  to  the  value  "tested  for  the  total 
llrlltt   i    ctd^cc     ?is  res1stor  alone  with  the  ammeter  and  the  supply  all 
together  1n  SERIES  and  measure  the  current.    See  the  Figure. 

The  current  measured  with  ea$h  single  resistor  should  equal  the  total  current 
fKtoUl  2urrrSnt°  9     1  CirCUlt*    lt  the  calculated  value 

JiS?hIh?  calcu]jted  and  measured  values  of  Individual  resistor  currents  should  < 
be  the  same.   The  following  are  reasons  why  any  of  them  may  differ: 

J.    The  meter  causes  errors  in  measurement.      '  ' 

2.  The  actual  and  printed  values  of  the  parts  may  differ  , 

3.  You  may  have  made  an  erro»|  in  calculation  or  measurement.    Have  your 
instructor  check  your  results.  JV 


Ammeter  Connection  to  Measure  I. 


Ammeter  Connection  to  measure  I 
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Final  Test 


1.   When  electrical  components  are  connected  1n  parallel,  the  voltage  across 
each  and  every  component  will  be 


a.  zero.  b.  equal  to  the  current., 
d.    the  same  as  each  other. 


c.    different  from  each  other. 


2.  To  combine  parallel  resistances  you  add 

a,   conductances.     b.    resistances.      c.  voltages. 

3.  The  equivalent  value  of  resistances  1n  parallel  will  always  be  less  than 
the  « 

a.    largest  resistance.     b.    smallest  resistance, 
c.    largest  plus  smallest  resistances. 

4.  Four  reslstbrs  are  connected  in  parallel.    Ri  ■  100ft,  R2  1  150ft,  R3  *  50ft, 
and  Ru  =  200ft.    Calculate  the  total  resistance  Rt< 

5.  The  equivalent  resistance  of  three  resistors  1n  parallel  is  Rt  ■  500.  One 

of  the  resistors  is  lk  and  another  is  2k.    Find  the  value  of  the  third. 
Use  the  method,  of  conductances. 


6.    Solve  for  the  voltage  in  the  circuit. 


7.    Which  battery,  A  or  B  is  being 
charged?  "What  limits  the  current 
from  charging'  too  fast# 


8.    Solve  for  It  and'Rj.. 


E  -  I5V  jzi- 


—X^  O.OI  A 


A  _Z_ 

12,1V  ^ 


AAA 


B 

\2&r 


P 


200A< 


300-^  500J 


lOO-^ 


# 
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Answers 

1.   a.  Voltage^  ,  « 

/.   d.  inverted  then  added  and  the "result  Inverted. 

3.  a.    smaller  than  • 

4.  c.    200  ohms. 

5.  b.  500^ohms. 

6.  6  volts. 

7.  4.375  A. 
8/  Rt  «  89.82ft. 

9.    b.    1f  the  one  that  1s»charg1ng  properly  connected  and  1s  a  rechargeable 
type. 

10.  400n  also  G3  "      -  Gj  -  62 

G3  *  .01  -  .005  -  .0025  IT 

o 

G3  =  .0025  « 
h  =  7 

3i 

t  R3  *  400n 

11.  Battery  B  (11.7V)  1s  being  charged. 

12.  Rx  -  30O;  Gt  «  Gi  +  G2  +  Gx,   Gt  -  £ u ,  Gj  -  jgt),  G2  -  ^  0 

Gx  *  Gt  "  G»  "'  G2*   Gt  *  0,2U*  G*  *  °-0667o»  G2  *  O.lw 

Gv  *  0.2  -  0.0667  -  0.1"  ; 

Gv  *  0.0333U  - 

X 

xl 

Rx  3  OSS  " 

R    ■  30  ft   '  .  * 
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Final  Evaluation 


Calculated  Resistance 
Calculated  Currents 
Measured  Resistor  Currents 
Measured  Total  Current 
Current  Measured  1n  Equivalent  Circuit 
Final  Test 


OK 


RE-DO 


f 

0 


When  all  of  the  Checks  Indicate  OX,  proceed  to  the  next  learning  package. 


/ 
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• 

Goal:  : 

Performance  Indicators: 

The  apprentice  will  be  able  tV> 
calculate  current  and  resistance 
in  a  series-parallel  combination 
circuit. 

4 

1*    Calculate  resistance, 

2.    Calculate  current. 

3*    Measure  cur  refit  with  ammeter, 

i 

.  V 

♦ 

*  * 

• 

«   *  5  —     -  -  '  
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Objectives 

Given: 

A  voltage  source  and  resistors 
arranged  In  series-parallel 
combinations 

A  voltmeter  and  ammeter  o^ 
combination  voltmeter-ammeter 


Questions  and  problems 

Directions 

Obtain  the  following: 

A  DC  power  supply 

Resistors  1/4  watt,  2% 
330,  470,  lk j  1.8k,  2.2k,  2.7k, 
3.3k,  4.7k,  ohms 

A  DC  voltmeter  and  ammeter  (or  combina- 
tion meter) 

Interconnecting  wires  or  leads 
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The  student  will: 

Calculate  the  equivalent  value  of 
resistance  for  the  series-parallel 
combination. 

Calculate  the  current  drawn  by  the 
circuit  with  the  source  connected. 

Measure  the  current  with  the  ammeter. 

Measure  the  current  with  the  circuit 
replaced  by  the  equivalent/resistor. 

Complete  a  Final  Test  wtth  an  accuracy 
of  85*.  '  ' 


v 


Learning  Activities 

Study  the  Key  ydrd^  list. 
Read  the  Information  Sheets. 

Do  the  Self-Test., 

/r 

Do  the  Task, 
T/ke  the  Final  Test. 
Obtain  Final  Evaluation. 
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Key  Words 

Klrchoff's  Voltage  law:    The  law  vthat  states  that  voltages  add  1n  series  or 
that  the  sum  of  the  voltages  around  a  closed  path  Is  zero. 

Klrchoff's  Current  Law:  The  law  that  states  that  currents  add  1n  parallel  or 
that  the  sum  of  the  currents  entering  and  leaving  a  point  1s  zero. 

EA0:    A  symbolto  represent  the  voltage  between  points  A  and  B  1n  a  circuit. 

Series  connection  of  components:  A  method  of  connecting  electrical  components 
so  that  one  end  but  only  one  end  of  each  component  1s  connected  to  each  of  the 
other  components;  series  components  always  have  the  same  current. 

Parallel  connection  of  components:    A  method  of  connecting  electrical  compo- 

nents  so  that  they  are  connected  between  or  across  the  same  two  points  1n  a 

circuit;  parallel  components  always  have  thfe  same  voltage, 

* 


* 
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Information  Sheet 


EL-BE-22 

Serles-Paral  lei  Resistive  Circuits 


Most  circuits  are  connected  so  that  there  are  both  series  and  parallel  combin- 
ations of  resistors.    The  circuits  can  be  simplified  by  combining  either  series 
combinations  or  parallel  combinations  of  resistors.   Usually  the  combination  of 
either  series  or  parallel  resistors  will  change  the  circuit  in  such  a  way  that 
additional  series  or  parallel  combinations  result.   The  circuit  can  then  be 
further  simplified,  and  the  original*  complicated  circuit  can  be  reduced  to  a 
simpler  one  by  a  series  of  repeated  combinations  of  resistors. 

Using  the  process  of  repeated  series  and  parallel  combinations  just  described, 
.  we  can  often  reduce  the  circuit  to  an  equivalent  circuit  of  only  a  single 
resistor.   The  Important  thing  to  learn  is  how  to  determine  which  resistors,  If 
any  *  are  actually  In  series  or  which,  If  any,  are  In  parallel.    You  must  be 
careful  not  to  combine  resistors  that  are  not  actually  In  series  or  In 
parallel . 

It  should  be  helpful  to  you  to  review  the  packages  on  series  and  on  parallel 
resistive  circuits  to  remind  you  how  components  are  connected  In  series  or  in 
parallel.    It  may  also  be  helpful  to  gaall  the  way  back  to  the  package  "Intro- 
duction to  Circuits"  in  which  series  and  parallel  connections  of  components 
were  first  defined. 

Before  an  example  Is  worked,  the  rules  for  series  and  parallel  connections  are 
restated. 

V 

Series  connection— components  are  In  series  if  they  are  connected  end  to  end 
such  that  one  and  only  otoe  end  of  each 
component  Is  connected  to  another  compo- 
.  nent.    Another  way  to  Identify  series  4  ~  """ 

components  Is  to  look  for  components  with 
the  same  circuit  current.   Components  In 
series  will  always  have  the  same  circuit 
current. 

Parallel  connection— components  are  in  parallel  If  they  are  connected  between 
or  across  the  same  two  voltage  points  In 
a  circuit.   Another  way  to  Identify  par- 
allel components  Is  to  look  for  components 
with  the  same  circuit  voltage.  Components 
In  parallel  will  always  have  the  same 

circuit  voltage.  PARALLEL  CONNECTION 

A  special  case  occurs  when  there  are  only  two  components  In  the  circuit.  The 
two  components  are  both  In  series  and  in  parallel  since  they  have  the  same 
current  and  the  same  voltage^  J 


SERIES  CONNECTION 


©  ■ 
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'Here  are  some  examples  to  help  you  recog- 
nize, series  and  parallel  combinations. 
In  the  figure,  which  resistors  are  In 
series  and  which  resistors  are  In  parallel? 
R,  and  R,  are1  In  seVles.  ,  They  both  have 


v3 

the 


same  current,  I. 


between  poltits  A  and  B, 
Ro  between  B  and  C,  and  R 


y  flowing  In  them. 

There-are  NO  resistors  In  parallel.  No 
two  resistors  are  connected  between  the 
same  two  points  In  the  circuit.    R.  1s 

between  B  and  0, 

3  mcwcii  u  u..u  v,,  nuu  n.  between  C  and  D. 

The  source  E  1s*between  points  A  and  D.  All 
four  points  are  separate  points  and  cannot 
be  comb] (led  since  each  Is  separated  by  at  - 
least  ojxe  component  rather  than  a  wire  con- 
nection.   So  the  only  thing  you  can  do 

4 
be 


1s  to  combine  R^  and  R 


resistor  which  could 
the  circuit. 


Into  one  equivalent 
and  redraw 


called  Rx, 


■ .  E  and  R  are 
both  In  series 
and  1n  paral  lei . 

I  ^ 

—  E 


Rx  «  R3  +  R4 
S  R    ■  20  +  10n 

A 


R. 


30n 


Notice  that  point  C  Is  eliminated  when  the 
equivalent  circuit  is  drawn.   Notice  also 
that  combining  R^  and  R^  Into  a  single 

resistor  has  resulted  1n  the  parallel 
combination  of  two  resistors  Rg  and  the 

new  resistance  R  . 

A 


R«  and  R   are  both 

^  A 


between  the  points  B  and  D  and  are  In 
parallel.    No  two  resistors  are  In  series 
anymore. 


Equivalent  Circuit  1 


Now  you  can  combine  R2  and  Rx  Into  a  single  equivalent  resistance;  call  It 


R   and  redraw  the  circuit. 


R  = 


R2X  Rx 
R2+Rx 


15  x  30 
10" 


Equlvalent  Circuit  2 
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In  the  second  equivalent  circuit*  the  only  two  resistors  left  are  In  series. 
Combining  those  two  Into  one  final  total  resistance  for  the  entire  circuit, 
Rt.  you  have  A 

1     1     y  E_     I,  <Rt 

R.  -  30  +  10n    •    '  i2V~  (  Kqo-Q. 

1  L  Jd 

Rt  3  40fi  Final  Equivalent  Circuit 

Now  that  R^  has  been  determined,  \^  can  be  found. 

I    -  £  ^ 
1     Rt        -  ' 

"  *  \ 

h  m  •  x 

I,  »  0.3A 

1  -  * 

You  can  solve  for  all  of  the  other  currents  and  voltages  In  the  original  cir- 
cuit by  going  back  to  the  other  equivalent  circuits.    Using  equivalent  circuit  2, 

«  * 

the  voltage  across  Rj-E^-IjxRj  and  the  voltage  across  R2"£bd"I1xR 

EAg-0.3Ax30ft  EB0-Q.3Axl0n 

EAB-9  volts  EBD"3  ™Us  v 

Notice  that  EAB  +  EB[)|«  EAQ  «  E      Klrchhoffs  Voltage  Law 


9V  +  3V  »  12V 
Going  back  to  equivalent  circuit  1, 


v 


^BD  ^BD 

h  *  E —  and    *3  *  E —  *****  ^BD  has  ^en  *oun* 

2  x 

to  be  3V  so      1^  -  Jfc         —  Vm 
I2  ■  0.2A     .*  I3  -  0.1A 

Notice  that  I2  +  I3  «  Ij        Klrchhoffs  Current  Law 
0.2A  +  0.1A  -  0.3A  ^ 

0 

/*•  •• 
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Finally,  using  the  original  circuit, 

v 


the  voltage  across      •  E0C 

EBC 
EBC 

Notice  that  EBC  +  ECD  -  EBQ 
>2V  +  IV  -  3V 


I3  x  R3  and  across  R4,  Eco  ■  I3  x  R4 
0.1A  x  20n 

2V  './*. 

Klrchhoff's  Voltage  Law 


Eco  a  0.1 A  x  lOn 


* 


A  1- 

Finally,  all  of  the  currents  and  voltages  have  been  found,  and  Klrchoff's  Laws 
have  been  used  as  a  double  check. 


Example: 


1 


Find  Rt  and  solve  for  al  i  of  the  cur- 
rents and  voltages  In  the  circuit. 
Which  resistors  are  1n  series?  Only 
R2  and  R3,  so  Rx  -  R?  +  R3 

*   R   ■  50  +  100 

.v  X 

R    ■  150" 

A 

Wh1ch*resis^ors  are  In  parallel? 

Rr  i  Ri 

Only  R5  and  Rg,  so  Ry 


B 


Rz  50-^    R3  lOO-fi- 

-AAA-^-AAA— 

— :I|  C  —I, 


p«  300 J> 


_5  _6 


R. 


R 


400  x  200 
400  +  3*0 

133fi 


AAA 


In  equivalent  circuit  1,  Rx  and  R^  are  In' parallel 

R  .  x  R, 


R  = 


"7^ 


*    150  x  300  J 
150  +  300 


100si 


Equivalent  Circuit  1 


\  v 
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Finally  R, ,  R,  and  R  are  In  series  so  that  R„  ■  R.  *•  R  +  R 

>•  i     z         y  ti  zy 


Rt  ■  67  +  100  +  133H 


Rt  -  30Qn 


t  "If. 


\  9  I88r 


It  »  0.5A 


Equivalent  Circuit  2 


300** 


Final  Equivalent  Circuit 
 1  r 


EAB  '  lt  *  Rl 


EBD  *  h  X  Rz 


EDE'  !t  ^  Ry 


EAB  «  0.5A  x  670 


EA8  "  33V 


EB0  -  0.5A  x  100(7 


EBD  '  50V 


EQE  -  0.5A  x  133n 


E„E  •  67V 


EBD 

*x~ 

50V 
T5P- 


T     -  BD 


I, 


50V 


I. 


DE 

T 

67V 


OE 

■MM 

67V 


I.  «  0.33A 


I2  ■  0.167A 


I3  «  0.1675A 


I4  ■  0.335A 


EBC  '  h  x  R2. 


Eco  *  ^x  R3 


EBC  -  0.33A  x  50n 


ECD  ■  0.33A  x  100ft 


EBC  *  16-5V- 


ECD  '  33V 
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It  was  already  stated  that  some  circuits  do  not  have  any  combinations  of 
resistors  that  are  either  1n  series  or  1n  parallel.   These  drcultskcannot  be 
simplified  by  the  method  presented  here:   One  example  of  such  a  circa  it  Is  the 
bridge  circuit.    Notice  that  no  two  resistors  are  either  1n  series  or**  i m 
parallel.    Each  of  the  resistors  and  the  source  1s  between  a  different ''.set  of 
points  1n  the  circuit.   Also. there  1s  a  different  current  in  each  reslsW  and 
the  source  since  the  current  divides  at  each  of  the  points,  A,  B,  C,  andu>. 
,  Methods  used  to  calculate  the  voltages  and  currents  are  a  subject  for  a  mfyre 
.   advanced  course  1n  electronics.  •  ••, 


Component       Between  Points 


A  &  B 
AH 
A  &  0 
B  &  C 
B  4/0 
CA  0 


J 


in  resistor 
3n  resistor 
source 
C  4ft  resistor 
2ft  resistor 
1.5ft  resistor 

.■i 


BRIDGE  CIRCUIT 

j4Power  1n  a  series-parallel  resistive  circuit  1s  calculated  1n  the  same  way  as 
*  u  is  in  less  complicated  circuits.  »       '  ' 

The  total  power  supplied  by  sources  equals  the  total  power  absorbed  b^y  resistors 
(or  other  sources  tf  they  are  charging).  . 

The  power  absorbed  for  each  resistor  1s  calculated  once  you  have  determined 
either  the  current  or  voltage  for#>the  resistor. 


I2  x  R 
E2 


Using  the  resistor  current        ,    P  ■ 

Using  the  resistor  voltage  P  *  ^ 

Using  both  current  and  Voltage 
for  the  resistor  .'"         P  *  E  x  I 

Trre  power  supplied  by  a  source  is  calculated  by  the  formula 

i 

p  -  e  x  r 


All  three  formulas  give 
the  same  answer. 


where  E  and  I  "3 re  the  values  of  voltage  and  current  for  the  source.  If  the 
current  1s.  leaving  the  plus  (+)  terminal' of  the  source  Instead  of  the/minus 
(-)  terminal  *?*the  formula  gives  the  power  absorbed  by  the  source. 


Self-Test 
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For  the  circuits  In  questions  3-11,  It  will  probably  be  helpful  to  assign 
letter  labels  to  each  of  the  separate  pdWts  as  was  done  1n  the  examples 
What  may  look  like  two  different  points  will  be  the  same  point  If  they  are 
connected  by  a  piece  of  wire.    Also  two  resistors  may  be  connected  together 
without  drawing  a  connecting  dot,  but  a  connection  is  nevertheless  made  so 
that  a  letter  should  be  assigned  to  that  connection  or  point.   Draw  your  own 
dot  If  It  Is  helpful.    Letter  labels  are  already  assigned  for  the  first  two 
figures  In  order  to  help  you  understand  the  procedure. 


1.    Series  resistors  always  have  thfi„  same 


a.  voltage. 

b.  current, 

c.  power. 

d.  resistance  value. 


( 


2.  Parallel  resistors  always  have  the  same 

voltage.  4  •« 

b.  current. 

c.  power. 

d.  resistance  value. 

3.  Determine  which,  If  any,  resistors  are  1n 
series  and  find  the  equivalent  value. 


4.  Determine  which  resistors,  If  any,  are  In 
parallel  and  find  their  equivalent  value. 

5.  Solve  for  the  total  equivalent  resistance 
for  the  circuit  in  questions  3  and  4.  ' 

6.  Determine  which  .reslstbrs,  *1f  any,  are  In 
series  and  find  the  equivalent  value.  ' 

7.  Determine  which  resistors,  If  any,  are  In 
parallel  and  find  their  equivalent  value. 

8.  Solve  for  the  total  equivalent  resistance 
for  the  circuit  In  questions  6  and  7. 


Circuit  for  Questions  3 


-5 


(Circuit  for  questions  9-11  on  following  page.)   Circuit  for  Questions  6-8 

* 

9.    Solve  .for  the  equivalent  value  of  resistance  for  the  total  circuit  (R  ) , 

10.  Solve  for  the  currents  and  voltages  In  each  of  the  resistors. 

11.  Solve  for  the  power  supplied  bf  the  source, 


9 
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10^ 

o  


Cfrcult  for  Questions  9-11 


r 
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Task 


1.   Calculate  the^ggulvalent  value  of  resistance  for  the  circuit  shown. 


te  thq  equivalent  \ 
<f*  >o-AAA 

fW  ,,8K 

the  source  voltaai 


AA/>  


47K 


2.  Measure  the^oUrce  voltage.    Use  this  value  to  calculate  the  currenft 
drawn  from  the  source  with  the  circuit  connected.  / 

3.  Check  with  your  instructor  that  you  have  calculated  the  correct  values. 
Then  get  a  single  resistor  equal  In  value  to  the  calculated  circuit  value. 

4.  Connect  the  circuit  and  measure  the  current  with  the  ammeter.  Connect 
also  the  single  resistor  alone  and  measure  th4  current  with  the  ammeter. 

•5.    All  three  currents  should  be  closjp  to  the  same\  value.    If  your  resistors 
were  low-tolerance  types,  the  results  could  be\cons1derably  off.  Check 
with  your  Instructor  to  determine  how  well  you ^1d.  * 

6.    Calculate  the  equivalent  value  of  resistance  foAthe  re-arranged  circuit 
as  shown.  V  \ 

,,8K  'A    JUMPER  WIRE 

Connect  a  jumpe 

n         s  -AAA-  j  s        J>      wire  between 

nt.       ^97*  470-k  /     f        v>IK    points  A  and  B 

ji~  as  shown. 


7.  Calculate  the  current  when  a  9  volt  source.  Is  connected  to  the  circuit. 

8.  Connect  *the  complete  circuit  and  measure  the  current. 

9.  Connect  a  single  resistor  of  equivalent  value  as  calculated  and  measure 
the  current  In  the  single  resistor  with  the  ammeter.  , 

10.    Have  your  Instructor  check  your  calculated  and  measured  results. 


*Po1ntSvA  and  B  are  Indicated  as  separate  points  only  to  Indicate  where  to 
attach  an  Interconnecting  wire  or  jumper,    When  thris  jumper  fs  connected,  the 
two  points  become  the  same  point  In  the  circuit.   The  circuit  can  be  drawn  a 
different  way  by  .placing  the  2.2k  resistor  to  the  right  of  the  lk  reslstofr, 
but  an  Interconnecting  jumper  Is  still  needed.    In  both  cases  the  2.2k  and  lk 
resistors  are  In  parallel  and  connected  between  the  same  two  points  In  the 
circuit. 
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lj  Determine  which  resistors,  1f  any,  are  in  series.  1 

2.  Determine  which  resistors,  1f  any,  are  In  parallel. 

3.  Solve  for  the  total  equivalent  resistance.  . 

4.  Solve  for  the  currents  and  voltages  In  each  of  the  components. 

5.  Solve  fo)  the  power^  suppl  led  by  the  source. 


AAA- 


i — V\A- 


I5D-^  250^ 

L-AAA~AAA- 


r* 


25V  ~ 


175^ 

AAA- 


ioo 

JL 


/  • 
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Final  Evaluation 


\  . 

Calculated  Resistance 
Calculated  Current 
Measured  Current 

Current  Measured  In  Equivalent  Resistor 
Final  Test/85% 


OK 


RE-DO 


When  all  of  ^he  checks 


proceed  to  the  next  learning,  packager 


i 


Ariswers 

1.  b.  current. 

2.  a.  voltage. 


Series-Parallel  Resistive  Circuits 


3.  No  resistors  are  1n  Series. 

4.  375ft,  3k,  and  lk  are  all  In  parallel.    All  are  between  points  8  and  C. 


1 


250ft 


,  MHO-(u) 
(Inverted- ohm-- n) 

equivalent  value   ,  ^- 


/ 


5.  2k  and  250ft  are  In  series  "equalling  2000  +  250  -  2250ft 

6.  8ft  a/id  4ft  are  In" series  equal  ling  8  +  4  »  12n 
5ft  and  7ft  are  In  series  equalling  5  +' 7  ■  12ft 

7.  °9ft  and  3ft  are  1n  parallel  equalling  -  2.25n 

8.  12ft  and  Via  are  In  parallel  equalling  6ft 

2ft,  6ft,  and  2.25n  are  In  series  equalling  10.2% 


9.    Circuit  Is  drawn  with  letters  assigned. 
 VVA 


\  \     ;  \ 

\  -In  parallel 
ko  »  between  (Joints 
*   \  B  and  C 

I 

/ 

'  i 


In  series,  pointi  C 
Is  eliminated  whim 
combined 


In  parallel  between 
points  B  and  0  0 


V 
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» 


— ,  *r~~~'  J  4\  in  series  Rt  •  10  +  20  f  10ft 
'0V       '  <*>*j  Rt-40ft 


10V 

TO 


A    10  A 


/ 


/ 


.tTv 

|0V.~ 


.25A 
V\A 


AAA 


,20*)    I  ?  .25A  In  both  lOn  resistors, and 
20flj  equivalent  resistance  E  ■  IR 

5V  -  .25A  x 


9 


,167/N 


•083  TO 


.167A 


v  E  *  IR 
EO^  1.67V  «  .167A  x'lOrf 
3.33V  ■  .167A  x  20ft 


5V 
3TJft 


I 


1.11  A  * 
•066fr-5#, 


1/ 
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U*    Psoiirce  '  10V  x  °'25A  '  2-5w 


0. 


•*.V-.: 


'/  .{ 


i*.  >i^'.'ifV  ,:■ 
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OK 


RE-DO 


Calculated  Resistance 
Calculated  Current 
Measured  Current 

Current  Measured  In  Equivalent  Resistor 
Final  Test  85* 


t  r- 

When  all  checks  Indicate  OK,  proceed  to  the  next  learning  package. 


4> 


i 
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\ 


Goal: 


ERIC 


/ 

The  apprentice  will  toe  able  to 
describe  types  of.  switches  and^ 
.relays. 


Performance  Indicators: 


1.  Identify  common  types  of 
switches • 

■ 

2.  Dose ri bv  relays* 


1 
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Objectives  . 

Given: 

An  assortment  of  switches  and  relays. 


Questions  on  switches  and  relays 


El-BE-2'3 
Switches  and  Relays 


The  student  will: 

Identify  the  different  types  of 
switches. 

Connect  circuits  using  switches  to 
operate  lamps  In  different  modes. 

«  • 

Draw  operational  circuit  diagrams 
using  switches  and  relays. 

a 

Complete  a -Final  Test  with  an  accu- 
racy of  90%. 


Directions  ^ 

Obtain  the  following: 

Assortment  of  switches 
A  reJay 

Connecting  devices 
Lamp 


Learning  Activities 

L        Study  Key  Words  list. \ 


Read  the  Information  Sheets'. 

Complete  Task  circuits  and  drawing. 

Do  Self-Test. 

Do  Final  Test. 

Obtain  Final  Evaluation. 


1 


;  .  >  -  Switches  and  Relays, 

Key  Words 

•    •  •  1  . 1  - 

Arc:  b  A  discharge  of  electricity  through  a  gas  (such  as  air). 

■Closed:    A  closed  loop,  a  complete  path;  *a  connected  circuit:        ,  /- 

NC:    Normally  closed;  closed  In  the  rest  position. 

'  f  > 

NO:    Normally  open;  open  1n  the  rest  position. 

Open:    An  open  loop  not  connected;  not  operational;  disconnected. 

Pole:    The  part  of  the  switch  that  has  the  moving  contact  on  it.  • 

ry: 
acts. 

Throw:    The  paVt  of  a  switch  which  has  the  stationary  contact  on  1t» 

Hydraulic  action:  Devices  that  are  operated  by  fluid  flow.  (Example*:  the 
brake  system  1n  the  automobile.)  •  t 

v 

Bimetal  action:    A  strip  of  2-layer  metal  that  bends  as  heat  1s  applied. 
The  bending  of  the  strip  can  activate  switches,  etc.  / 


Rotary:  A  switch  that  1s  turned  with  a  knob  which  can  select  any  one 
contat 


many 


Symbol  for  relay 


POLE 


Symbol  for  switch  .. 


J—tJ  
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Information  Sheet'  . 

•  « 

•  The  switch  1s  one  of  the  most  common  electrical  devices.    We  use  switches 
every. day  to  turn  off  or  on  our  lights,  appliances,  and  machines.  Some 
switches  are  very  simple.    One  example  1s  the 'light  switch  that  is  on  the  wall 
of  a  home.    Some  switches  are  very  complicated.    These  include  multi-heat 
switches  on  the  electric  range  and  rotary  switches  that  are  found  in  radios,  TV 
sets,  and  stereos. 

let's  start  with  the  most  simple  switch,  called. the  SPST  switch.  The  SPST 
stands  for  single-pole,  Single-throw.  Below  you  see  the  symbol  for  a  SPST 
switch.    Next  to  the  symbol  you  see  what  the  switch  looks  like  (pictorial). 


'MP  — '  I — TU 


POLE  —*  y — THROW  " 
SYMBOL 


PICTORIAL 


Notice  that  on  the  symbol  there  are  one  pole  and  one  thVow.    Because  there  is 
only  one  of  each,  there  are'only  two  places  to  connect  wires.    On  the  pictorial 
you  will  notice  that  there  are  only  two  terminal s.    This  will  help  you  Identify 
a  single-pole,  single-throw  switch.    Now  let's  hook  this  switch  Into  a  circuit. 
We  will  use  symbols  for  the 'circuit  components.    Study  the  symbols  and  pictor- 
ials below.    Be  sure  that  you  can  identify  each  of  them. 


BATTERY 


LAMP 


2<H) 
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Here  are  two  circuits.  They  are  the  same  except  that  the  first  one  1s.  shown 
with  the  switch  open  and  the  second  with  the, switch  closed. 


J 


OPEN 


1 


~C  CLOSED 

T' 


No  cGrrent  flow. 


Current  flow. 


The  circuit  that  1s  open  1s  broken*,  there  cannot  be  any  current  flow  The 
circuit  that  1s  closed  has  a  complete  path  for  current.    This  makes  It  opera- 
tional.   This  1s  the  type  of  circuit  that  1s  found  1n  the,  common  flashlight. 

0 

As  you  have,  learned,  switches  are  Identified  by  the  number  of  poles  and  throws 
Let's  look  at  a  single-pole,  double-throw  switch, 


<^7= 

POLE  rJL  


-THROWS 


The  SPST  switch  was  good  for  turning  one  lamp  off  and  on  with  one  switch. 
How  can  we  turn  one  lamp  off  and  on  with  two  switches?   The  SPOT  1s  the  switch 
for  the  job.    Study  the  next  drawings.    Notice  that  no  matter  which  position 
the  switches  are  1n,  it  1s  possible  to  turn  off  or  on  the  lamp  from  one  position 
or  the  other. 


0 


SWfTtM 


Si 


if- 


Closed 


Open 


When  this  type  of  circuit  is  used  1n  a  home,  Jt  is  called  a  three-way  switching 
hook-up. 

.         .  i  ' 
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There  are  other  switches  which  make  it  possible  to  turn  off  or  on  a  lamp  from 
three  or  more  positions.  Jhe  following  shows  the  first  two  switches  we  havT 
studied  and  two  other  switches  that  you  may  see  ,        eS  we  have 


- — DOTTED  LINE  MEANS  

\   POLES  WORKTDGcTHfR 


SPST  SPDT  DPST 


There  are  some  switches  that  are  made  so  that  they  return  to  the  same  position 
Jjflrii?  \rK  released<b*^  orator.    These  are  called  moment ry!c'on?  ct 
switches.    They  are  normally  spring  loaded  so  that  they  flip  back  when  released 

closed  ^de^r  SP  ^eSHCribe  the  nrally  0pen  ^  W«  or  the  nor^  ySe<J' 
closed  typ£  (NC).    Pictured  below  are  the  momentary-con  tact -type  switches? 


A  PUSH  WILL      .A  PUSH  WILL 
S^HE     JlCLOSE  THE  CIRCUIT 


NC  NO 
-NC  £  NO  SWITCHES  CAN  LOOK  AUfiE 


Another  type  of  switch"  that  1s  very  common  and  sometimes  very  complicated  1s 
the  rotary  switch.    The  rotary  switch  may  have  many  sets  of  Soles  and  mult  Dies 

cl  thnT\  T5e  ,f0l,0Wi?9  are  a  ^rotary. switch  symbols  and^  heir  \Z  P|he 
second  P  stands  for  position;  3P3P  stands  for  three-pole,  three-position 


J 


SP5P 
S/NGLE  pole 
5  POSITION 


8>o 

O  I 

0L__  All  THREE  POLES 
O'^fo  WORK  TOGETHER 
I 

o 

3P3P 
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'Another  switch  which  is  less  common  but  very  important  1s  the  reed  switch.  It 
is  sealed  in  a  glass  tube  and  is.  operated  with  a  magnet.    What  1t  looks  like  is 
shown  below.  * 


GLASS  TUBEj   A~  LEA^L  SEALE0  bqjh  ends 

c^) — \{.   _ 


/  /h — MAGNET 


AS  THE  MAGNET  ie>BB0U6HT  CLOSE  THE  LEAVES  SNAP  T(}6ETHER 


SPST  NO 


The  outside  appearances  of  switches  vary  as  to  their  application  and  mounttng' 
method.  Below  are  a  few  of 'the  most  common  types  and  their  names.  The  names 
refer  to  the  mechanisms  which  activate  them. 


Toggle  Slide  '       Rocker  'Push  Button  Lever 


Switches  are  given  ratings  for  their  current  and  voltage  capabilities.    To  * 
understand  why  this  is  done,  remember  that  whenever  an  electric  circuit  is 
broken,  an  arc  occurs.    This  hot  arc  burns  away  at  the  contact  points.  The 
more  current  or  the  more  voltage,  the  greater  the  arc.    The  contact  points  take 
most  of  the  beating  as  the  switch  1s  used.    These  points  are  made  of  metals  that 
are  very  hard  and  will  not  burn  or  a  material  that  1s  conductive  even  after  1t 
1s  burned.    The  points  in  a  car  are  of  tungsten,  a  very  hard  material.  The 
•points  1n  a  water  heater  are  made  of  silver.    Silver  1s  conductive  after  it  has 
been  burned.  ,  Some  switches  have  snap  actions  which  switch  very  quickly.  The 
fast  switching  reduces  the  arc  and  saves  the  contact  points. 

♦ 


8  •  ' 
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Relays 

The  relay  is  nothing  more  than  a  switch  th'at  1$  operated  "from  a  distance  by  an 
operator, _a  time  clock,  a  radio  or  even  a  computer.    Have  you  every  wondered" 
what  turns  the  bell  off  and  on  at 'the  beginning- and  end  of -the  class  time? 
Right,  a  relay  is  the  switch  that. does  the  job.    The  time  clock  turns  on  the 
relay  and  the  relay  turns  on  the  bell.    You  may  ask,  "Why  do  we  need  a  relay? 
Can  t  the  time  clock  turn  on  the  bell?"    If  you  think  about  it  for  a  while  you 
will  realize  that  there  are  many  bells  in  the  school  building.    Just  think  of 
the  arcing  on  the  contacts  in  the  clock.    Wouldn't  it  be  better  to  divide  up  the' 
switching  into  several  switches  for  di fferent  parts  of  the  buildirig?  Right 
again.    The  clock  will  last  much  longer  1f  we  don't  overload  the  small  timed 
switch  inside  the  clock. 

\ 

But  just  how  does  the  relay  work?    Most  relays  work  on  electromagnetic  actltfn 
There  are  a  few  special  types  that  use  air,  hydraulic  action  or  even  bimetallic 
action  to  do  the  switching.    Let's  consider  the  magnetic  type. 

The  magnetic  relay,  as  the  njme  says,  uses  magnetic  energy  to  operate  the  switch 
contacts.    The  magnetism  is  produced  by  the  electric  current  from  the  coll  This 
closes  the  switch  and  closes  the  circuit.    When  the  current  1s  off,*  the  magnetic 
field  collapses,  which  ;al  lows  the  return  spring  to  lift  the  arm  and  open  the 
switch.    Study  the  circuit  below.    Notice  that  the  electromagnet  1s  turned  on  and 
off  by  a  remote  SPST  switch. 


MAGNETIC  POLE  FACESn 


.    \  REMOTE  QDNTRX 
Q  SWITCH 


RETURN  SPRING 
ARM 


E LEOWAGNETIC  COL  - 


When  the  SPST  switch  is  closed,  the  arm  of, the  electromagnet  is  pulled  down 
against  the  pole  face  with  a  snap.    When  the  control  switch  is  open  (as  shown) 
the  magnetic  pull  stops,  and  the  arm  is  pulled- off  the  pole  face  'by  the  return' 
spring.    It  is  this  up-and-down  action  that  is  used  to  close  and  open  contacts 
in  the  relay.    The  following  circuit  shows  a  practical  set-up  with  a  relay  used 
to  turn  on  and  off  a  motor  on  an  industrial  elevator.  "  „  ■ 
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ELECTRIC  LINE 


OPERATOR 
SVfTCH  'o-J 


1 


ELECTRO 
MAGMfTlC 
COIL 

SMALL 


•  WIRES  MATERIAL 
BUCKETS 


LOAD 
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MOTOR 


7* 


<£CONl/EYER  BELT- 


7 


200  ft. 


There  isan  advantage  1n,  using  the  relay  to  turn  the  motor  off  and  on:    small  > 
wires  to  a  small  switch  can  control  large  amounts  of  energy. 

The^con/ruction  of  relays  differs  somewhat,  but  all  of  them  use  similar 
action^   The  drawing  below  shows  the  construction  of  a  typical  relay..    Notice  the 
s,et  of  contacts.    Which  ones  are  normally  open?   Which  ones  are  normally  closed? 


SWITCHING  CONTACTS 
4 


POLE  FACE  (AC  TYPfS  AISO  HAVE  0  RING) 
RVOT- 

REFURN 

SPRING 

ELECTROMAGNETIC 
COIL" 


Relay  with  Parts  Labelled 

You  are  rlghth  Contacts  3  and  4  are  normally  open  (NO).  Contacts  5  and  6  are 
normally  closed  (NC).    Connections  1  and  2  hook  to  the  electromagnetic  coil. 


9 
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4  t 

Another  switch  that  you  should  know  about  1s  the  mercury  switch.    This  switch 
1s  a  position  switch.    When  orte  side  1s  up,  the  switch  1s  off;  when  the  other 
side  1s  up,  the  switch  1s  on.    Study  the  drawing  below.    Is  this  a  SPST  or  SPOT? 
How  is  the  contact  made?     f  •  . 


MERCURY 


WIRES 


MERCURY 


Closed  Position 


Open  Position 


Right!    It  1s  a  SPST  switch.    It  has  only  two  connections.    Right  again!  The 
contact  1s  made  by  the  conductive  mercury  touching  the  wires  1n  qne  end  of  the 
bulb. 

*  *  ' 

You  may  have  seen  one  of  these  switches  1n  action  on  the  trunk  of  a  car.  When 
•the  1 1 d  ts  open,  1t  turns  on  the  light.    When  the  lid  1s  closed,  It  tilts  the 
switch  which  turns  off  the  light. 


> 


Self-Test 
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4. 


5. 


7. 


r 


8. 


Choose  the  correct  answer. 

1..     The  A/C  relay  has , a/  special  *  

a.  washer  J 

b.  R  ring  * 

c.  t  D  ring 

d.  '  A  ring 

2.'    The  magnetism  in  the  relay  Is  provided  by 

a.  *  the  coil . 

b.  the  contact.  \ 

c.  the  terminals.  - 

d.  the  return  spring. 


on  'the  pole  face. 


This  push  button  1s  a 

a.  SPST 

b.  NO 

'  c.    -  closed" 
•d.  .NC 

This  symbol  is  for  a 

a.  SPST  ^ 

b.  DPDT 
'  .    c*  SP5P 

d.  5PSP 


ntlfy  the  switch  In  this  schematic. 

a.  SPST 

b.  SPOT 


type. 


type  switch. 


c. 
d. 


OPDT 
DPST 


In  this  drawing  S.  1s  a 

a.  ,  toggle 

b.  rocker 
•     c.  SPDT 

d.  OPOT 


Type  switch. 


L_rt 


Q 


SPST  stands  for  a  type  switch. 

a.  sjngle-pole,  single-toggle 

b.  single-pole,  single-throw 
C,     any  rocker  . 

d.     snap  ' 


The  snap, action  on  some  switches  \  * 

a.  '  helps  the  operator  know  when  the  switch  Is  activated, 

b.  increases  the  arc. 

c.  decreases  the  arc.  / 

d.  means  that  the  switch  Is  new. 


\ 
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The  mercury  1n  the  mercury  switch  provides 

a.  the  electrical  contact. 

b.  weight  control . 

c.  Indication  of  switch  position. 

d.  Improved  appearance. 

Silver* is  used^on-some  switch  contacts  because  of 

a.  appearance. 

b.  lower  dontact  resistance  even  1f  burned. 

c.  •   smoother  action. 

,  d.     high  expense.  \ 


/ 


*1 
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Task  s  •  ' 

Construct  and  test  tne  following  circuits. 

.«  •  * 

CI  ret  it  1  ;  , 

Construct  a  circuit  to  turn  on  and  off  one  lamp  with  one  SPST  swjtch. 
(Use  schematic  as  a  guide.) 


■  LINE' 


Circuit  2  •>  •      -         ▼      '  .  •'  • 

.Construct  a  circuit  to  turn  off  or  on  a  lamp  from'two  locations  using 
two  SPOT  switches.  1  (Use" schematic  as  a  guide.) 


7 


LINE 


Circuit  3 
Cons 

by  a  SPST  .switch.    (Use  schematic  as  a  guide 


Construct  a  circuit  to  turn  off  or  on  one  lamp  with  a  relay  controlled 

...  .         .  ....     ,  .   ...  ^ 


LINE 


NO, 


SPST 


RELAY 


Circuit  4  r  • 

Complete  this  drawing  (schematic)  using  a  rotary  switch  as  a  selector 
/to  connect  any  one  of  the  following-  to  an  amplifier. 


TURNTABLE 

•  '  TUNER 
TAPE  P^YER 


o°S> 


¥ 


HQ 


SPEAKER 


AMPLIFIER 
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Final  Test 

.1 .     SPST  stands  for 

a.     Single-position,  single-toggle. 
,        b.     S1nglecpole,  single-throw. 

c.  Special -position,  single-throw. 

d.  Any  toggle  switch. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


In  this  circuit  drawing  S2Ms  a  *  SI 

a.  a  toggle  switch.  .  o 

b.  4-way  switch. 

c.  SPOT  switch, 
a  rocker  switch. 


d. 


In  -this  drawi  ng  S.  1  s  a 
a.     SPSL    1  . 
'     b.  DPST, 

c.  SPDT. 

d.  DPDT. 


This  symbol  1ss  for* a 

a.  SPST 

b .  5RSP 

c.  SP5P 

d.  DPST 


type  switch. 


14 


-O 

-o 


Thi s  push  button  Is  a 

a.  NO 

b.  NC 

c.  -  SPST 
d*.  closed 


type* 


r" 
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The  cp'fl  in  a  relay  provides  > 

a.  D-r1ng  mouht. 

b.  magnetic  energy. 

c.  neat. 

d.  return  action.  ,  . 

The  D  ring  is  found  on  ' 

a.  SPST  switches. 

b.  normally  open  switches.  * 

c.  AC  relays.  •  .      •  ' 

d.  DC  relays.  ' 

\  ***** 

Why  are  some  swftch  contacts  made  out  of  silver? 

a.  It  makes  the  switch  more  expensive.  ,  * 

b.  The  sllverkeeps  its  conductivity  even  though  it  1s  burned.  ^ 

c.  The  action  1s  smoother.  .  •, 

d.  Less  heat  1s  developed. 


is  3 'JO  • 
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The  mercury  switch  1s  a 

a.  .  position  switch-, 

b.  ;   OPDT  switch. 

'  c.     thermo  switch.  .x 
jd.     NO  switch.  . 

Some  switches  have  snap  action 

a.  so  the  operator  can  hear  the  snap. 

b.  to  Increase  arcing. 

c.  to  reduce  ohm  rating.      ,  ,., 

d.  to  reduce  arcing  and  heat..  ■ 


16 


301 


•    -  EL-BE-23 
Switches  „and  Relays 


Final  Evaluation  ' 

Check  sheet 

All  circuits  100%  operational.*  " 

All  drawing  100%  correct.  »  , 

A  score  of  90%  or  better  d*P  the  filial  Jest.  ' 

'        .  OK       .       '  RE-DO 

Circuit  construction 

CI rcui t  drawing  ^  .   

Final  test  r     %  j 


When  all  ^checks  are  OK,  proceed  to  the  next  package. 


\ 


v 
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Answers 

* 

Sel f-Test 

1.  c 

3.  a 

3.  b 

4.  c 

5.  c  d 
c 


I: 


b 

8.  c 

9.  a 
10.  b 
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• 

  .  * 

^  Goal: 

Performance  Indicators: 

The  apprentice  will  be  able  to 
describe  the  basic,  concepts  of 
alternating  current. 

•> 

1.  Describe  flow  of  electrons. 

2.  Describe  wave  forms. 

t 

** 

3.  Describe  cycles  and  frequency. 

4.  Describe  peak  and  RMS  voltage. 

t 

5.    Describe  audio  generator. 

• 

a   ,   

frit                         -     ■               1  1 

$ 

err 
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Objectives 

Given: 

41 

A  series  of  'questions  on  basic  AC 

*  V 

v 

/  Ten  problems  dealing  with  RMS  and 
peak  voltages 

An  audio  generator  and  head  phone 


•     '  'EL-BE-25 
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The  student  will:  N 
Answer  9  of  the  10  questions  correal/ 
Solve  9  of  the  10  problems  correctly/ 


r 


Set  up  and  operate  the  audio  generator  ' 
properly. 


v. 


.Directions 

Obtain  the.  fx>l  lowing: 
An  audio  generator 

Head  phone  set  (with  connecting  wires) 
Calculator 


Learning  Activities 

  Study  the  Key  Words  list. 

—  „  Read  the  Information  Sheets. 

  Complete  the  Self- Test. 

  Solve  the  problems  on  the  problem  sheet. 


f 

i 


Do  the  Task. 

Do  the  Ffnal  Test. 

Obtain  Final  Evaluation. 


J 
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Key  Words 

AC:    Abbreviation  for  alternating  current.    Symbol :  Oj 

Alternation:    One  half  of  a  cycle;  1t  can  be  positive  or  negative. 

Alternating  current;    Current*  that  changes  polarity  at  a  regular  rate. 

Audio  generator:    A  device  that  produces  alternating  current  which  can  be  changed 
1n  frequency,  waveshape,  and  output  level.    This  package  will  coyer  frequencies 
which  are  in  the  rtnOje  of  the  human  ear. 

Cycle:    A  set  of  positive  and  negative  alternation*  of  an  AC  voltage. 

+ ALTERNATION 


IOOJE- 


-ALTERNATION 


Frequency:    The  number  of  cycles  1n  a  given  period  of  time.    As  an  example, 
a  frequency  of  20  hertz  means  20  cycles  per  second^ 

Hertz:    The  measure  for  the  number  of  cycles  per  second.  (Hz) 

Peak:  The  furthest  point  f rom  W  center  that  a  wave  form  reaches  1n  eUher 
the  negative  or  positive  direction.  «  *  • 


•  u 

Rise  time:  The  amount  of  time  that  1t  takes  for  a  voltage  to  get  from  0  up" 
to  peak. 


RISE  t 


TIME— h  k- 


RMS:  Short  for  root  mean  square.  It  1s  a  value  that  Is  70. 7%  of  the  peak  value 
or  .707  times  peak. 

Sine  wave:   A  smooth,  ever  changing. wave  form.    A  pure  frequency. 

4 

Example  of  a  sine  wave-- 


Square  wave:  rA  wave  form  that  changes  abruptly  from  0  to  peak  value,  holds 
at  peak  and  then  abruptly  goes  back  to  0,  reverses  to  a  peak  and  Returns  to  0. 

Example  of  a  square  wave-- 
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Information  Sheet 

AC  and  the  Oscilloscope 


In  the  last  package  you  learned  how  to  set  up  the  dscil loscope  and  use" It  to 
take  DC  voltage  measurement*.    Although  taking  DC  measurements  wWh  the  scope 
1s  Important,  the  real  advantage  of  using  an  oscilloscope  is  to  look  at  voltages 
that  change  value  at  a  fast  rate  of  speed.    Before  we  worry  about  how  the  scope 
sees  these  changing  voltages,  let's  take  .«  1  dole  at  what  AC  really  1s. 

Basics  of  AC , 

«WI  know  that  DC  (direct  current)  flows  InHtffe  direction.    The  electrons  leave  . 
the  batter^  from  the  negative  pole,  pass  through  the  wires  and  the-  load,  then 
return  to  the  battery's  positive  pole.    The  electrons  are  going  1n  only  one  , 
direction.    Study  the  circuit  below.  " 


FLOW. 


-ROW 


DC  MOTOR  LOAD 


SHAFT  ROTATION 


From  this  circuit  you  should  recognize  that: 

1.  This  1s  a  DC  circuit. 

2.  The  DC  motor  1s»  the  circuit  load. 

3.  The  motor  1s  turning  clockwise. 


The  motor  can  be  reversed  by  changing  the  polarity  of  the  voltage  source  >t 

connected  to  1t,  thus  reversing  the  direction  ofx the  current  through  the  load.  / 
If  the  battery  were  to  be  turned  ope-half  turn,  the  motor  wou.ld  go  counter- 
clockwise.   See  the  circuit  beTfcw. 


FLOW 


FLOW 


DC  MOTOR  LOAD 
"^t^^^  SHAFT  ROTATION 


EL-BE-25 

Basics  of  Alternating  Current 


From  the  last  drawing  you  should  recognize  that: 

«•     ™e  battery  1s  connected. with  'the  polarity  reversed. 
2.     The  current  flow  1s  1 ^ the  opposite  direction. 

thf  5t-orJ1s.now  turning  In  a  counterclockwise  direction.  *  • 
The  DC  motor  can  be  reversed  by  changing  polarity. 


3. 
4. 


♦  METAL  HACf. 
■RINGS 


MOTOR  Tl/RNS/N  ODCKWlSE- 
DIRECTION 


?Mhe  b*"er*  M?e?  ?round  and  a^und  on  tne  turntable,  the  spring  brushes 
-fcllde  on  the  metal  half-rings  which  connect  the  motor  to  the  battery  ileVs 
look  at  the  circuit  again  after  1t  has  turned  one-half  rotation. 


V 


(?OUNTERCIOCKMSE 
ROTATION  . 

Now  the  polarity  has  been  reversed  and  the  motor  shaft  direction  has  also  been 
nZlrlel   The  action  that  takes  place  1s  one  of  the  motor  changing  direction 
over  and  over.  The  faster  the  phonograph  turntable  goes,  the  fister  the  motor 
must  change  directions.    This  changing  of  direction  of  current  flow  1s  called 
alternating  current  (AC)  because  1t  alternates  polarity. 
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To  really  see  wtiat  1s  happening  In  an  alternating  current  circuit  we  must  be 
able  to  recognise  the  changes  of  voltage  and  polarity  in  relation  to  time. 
This  sounds  like  d  big  order,  but  if  we  construct  a  graph  to  show  these  rela- 
tionships, it  becomes  much  simpler.    To  get  an  Idea  of  how  this  graph  should 
look,  let's  go  back  to  our  turntable-AC  current  producer*  and  connect  a  graph- 
drawing  attachment  to  it.    Study  the. drawing  below. 


From  the  drawing  above,  you  should  be  able  to  recognize  that: 
1. 


2. 
3. 
4. 


As  the  battery  rides  around  on  the  turntable,  a  current  that' 1s 
changing  polarity  Is  fed  to  the  motor. 

» 

As  the  current  changes  polarity,  the  motqr  changes  shaft  direction. 

As  the  motor  tries  to  turn,  it  Is  limited  by  the  springs.  . 

The  pen  draws  a  line  on  the  moving  paper  which  shows  the  direction 
of  motor  shaft  rotation. 


The  next  step  1s  .to  study  the  graph  that  the  pen  matte  on  the  moving  paper.  The 
drawing  following  shows  the  graph  and  what  happened  1n  the  circuit  to  cause  it. 
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r 


AMOUNJ*  OF 
MOTOR  PULL. 
CCW 


AMOUNT  OF 
MOTOR  PULL  -I 

cw 


> 


MOTOR-ON  CCW 


\  ) 

\    ■.  7 

MOTOR  OFF  SWITCHING  TIME    /  I  NCHES 
FAPER  MOTION  jPER  SEDO 


TIME 


MOTOR  ON  CW 


•  -     .  K 

This  graph  (called  a  wave  form)  can  give  us  much  Information  about  the  circuit. 
Study  the  following  list:  ' 

1.  We  can  tell  how  much  voltage  was  applied  to  the  motor  by  the  amount  of 
motor  pull, ^  If  the  battery  had  more  voltage,  the  peak  wave  would  be 
higher  because  the  motor  would  turn  more.    (The  higher  the  wave  form,  the 
more  the  voltage.) 

2.  We  can  tell  the  current  direction  (polarity)  by  the  direction  of  the  wave 
from  the  off  line.    Above,vthe  off  line  1s  normally  positive  and  below  1s 
normally  negative. 

3.  If  we  know  how  fast  the  paper  was  moving  (Inches  per  second),  we  can 
o  tell  how  many  changes  of  polarity  took  place  per  second. 

4.  The  pen  cannot  get  from  the  center  (zero  point)  to  the  top  of  Its  swing  1n 
zero  time.    This  slight  delay  makes  the  vertical  lines  slanted  by  just  a 
small  amount.    The  time  that  1t  takes  for  the  pen  to  go  from  zero  up  to 
peak  is  called  rise  time.    The  amount  of  rise  time  can  be  measured  on 'this 
graph  if  we  know  how  fast  the  paper  was  traveling. 
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The  Sine  Wave 


Most  wave  forms  don't  look  like  the  one  made  by  our  battery  turntable  device.  ' 
The  most  common  wave  form  is  the  sine  wave.    You  may  hear  1t  called  the  pure 
form. of  anv  frequency.   T£e  alternating  current  that  we  get  from  the*  power 
company  ha?  this  sine  shape.    The  drawing  below  shows  a  sine  wave  similar  to 
the  one*  produced  by  the  power  company:    The  amount  of  time  span  showri  1s  only 
1/60  or  a  second.    This  means  that  60  of  these  take  place  in  one  second. 


RMS  120  ■ 
PEMJ&7- 


■  J  CYCLE  I/66SK- 


■>TIME 


From  the  drawing  of  the  sine  wave  you  should  be  able  to  recognize  that:      -  * 

1.     The  sine  wave  is  alternating  current  because  1t  changes  polarity. 

V.     The  sine  wave  shows  a  smooth  change  Qf  voltage  from  zero  up  to  a  peak  value 
positive,  then  back  down  to  zero.    From  zero  1t  goes  up  to  a  peak  value 
negative  then  back  to  zero.    This  all  took  place  in  a  1/60  of  a  second. 

3.  The  list  of  «events  that  took  place  1n  2  above  1s  cal  led  a  cycle.  Each 
cycle  1s  made  up  of  one  positive  alternation  and  one  negative  alternation. 

4.  We  can  measure  alternating  current  by  the  number  of  cycles  per  second. 

5.  The  peak  voltage  1s* the  very  top  of  the  wave  form.  ( 

6.  The  amount  of  time  that  1t  takes'  for  a  voltage  to  get  from  zero  up  to 
peak  is  called  rise  time. 

7.  The  RWS  voltage  1s  slightly  less  than  the  peak  value.    (70. 7%  of  peak.) 
An  explanation  of  RMS -voltage  follows  in  the  next  paragraphs,  # 
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Frequency  in  Hert2  ,  '  .  ■  '  H  .  . 

7  \  . 

^rWcLnt^tedT^^0^e,  W&  Cdn  mMsure  aUernating  current  by  the  number  of  cycles  ' 
Uke S)  Th^aKUrMhf  ,i$         1s  frequent  (how  frequently  a  cycle 

nor  Lfi  h       Re™"ber  th»t  frequeftey  In  hertz  deals  with  the  number  of  cycles 

line  Is  60.  Hz.  The  cycle*- per  second  is  understood.  60  Hz  ■  60  cycles  pervsecond. 
Peak  and  RMS  Voltages 

!??h  Sr  vo}^9es'are  measured;  we  have  a  di fferent' problem  from  what  wl  had 
*T       J?C  voltaqe       the  same  as  long  as  the  circuit  was  on.    With  AC 
he  vonan^a ™  voltages  go  up  and  down.    Why  St  me  sure 

load  III ?n  Si  ?  t1?11!?  ^  nt  (theu?eak  vWtage)?   This  might  sound  like  a 
good  way  to  do  It,  but  there  is  a  problem.    The  voltage  is  only  at  the  peak  for 
just  an  Instant.    Because  of  this,  the  amount  of  power  from  a  100  volt  AC  circuit 
is  less  than  from  a  DC  100  volt  circuit.  .It  was  found  that       volts  peak  AC 
produced  as  much  power  as  a  DC  voltage  of  70.7  volts.    All  AC  voltmeters  don't 
measure^ peak,  but  tfcy  do  measure  .707  times  the  peak.    This  measure  Is  caTCcf 
voltage.    If  we  know  the  peak  value  of  an  AC  voltage,  we  can  find  the  RMS 


RMS  =  .707  X  peak 


Let's  say  that  we  checked  the  line  voltage  and  found  that  it  was  160  volts  peak 
value..  What  would  be  the  RMS  voltage?       -  .  . 

RMS  *  160  X  .707"  '  > 

RMS  =  113.1  volts 

AC  voltages  are  almost  always  expressed  in  RMS.    The  line  electrical  outlets  1n 

!!II^7*!i.are-Cf1-]?dJ-10;4foltf-Tfcts  15  rea1^  a  RMS  voltage.,  If  this  1s  so. 
Ml    It  1  ?n?eakr!  ne  Yoltaqe?   To  figure  this  one  we  need  another, magic  number 
like  the  .707^    This  time  the  number  is  1.4142].    This  one  you'  can  find  with 
your  calculator  if -it  has  a  square  root  sign  (<r*~)  on  it.    1.41421  is  the 
square  rpot  of  2. 

The  formula  for  finding  the  peak  voltage  If  the  RMS  is  known  Is 
Peak  -  RMS  X.  1.414 

* 

Let's  finish  our  problem.  We  said  that  "t he  line  voltage  was  110  vol ts  RMS  This 
means  that  * 


Peak  = 
Peak  * 


110-  X  1.414 
155.5  volts 


If  you  are  unsutfe  about  how  to  do  this,  read  it  again  because  the  test  will 
have  problems  dealing  with  RMS  and  peak.    Refer  to  the  sine  wave  figure  as  shown 
in  the  beginning  of  the  discussion.  •  * 
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The  Audio  Generator 


When  there  is  need  to  test  a  DC  circuit,  it  1s  a  simple  matter  to  use  a. battery 
or  a  power  supply.    The  AC  circuit  1s  a  different  matter.    In  the  AC  circuits 
1t  may  be  necessary  to  change  not  only  voltage  but  frequency  and  wave  shape  as 
well.   The  device  to  do  this  1s  called  an  audio  generator.    As  the  name  Implies, 
*   It  generates  audio  frequencies*   The  aucMiL frequencies  Include  the  frequencies 
that  can  be  heard  with  the  human  ear.    The  audio  geierator  must  Include  fre- 
quencies from  20  Hz  to  20  kHz.  u    "  v 

Audio  generators  differ  somewhat  depending  on  the  manufacturer,  but  the  controls' 
ar<e  very  slmllaj^   The  following  drawing  Is  of  a  typical  audio  generator.  Study 
the  controls  aft  you  can  explain  what  each  of  th*em  dfles. 


,  PILOT  LIGHT 
P3WER  SWITCH 

FREQUENCY 
SWITCH 


FINE  FREQUENCY  ADJUST 


OUTPUT  TERMINALS 


OUTPUT  VOLTAGE  ODNTRCL 


WAVE  SHAPE  SELECTOR 
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Problem  Sheet 

1.     The  line  voltage  was  measured  to  be  117  volts  RMS  with  a  voltmeter. 
What  1$  the  peak  value? 


2. 


While  working  on  a  power  supply  the  peak  AC  voltage  was  measured  with  an 
oscilloscope.    The  voltage  was  found  to  be  155.5  volts  peak.    What  was  the 
RMS  voltage?  \ 


3.     While  working  on  the  water  heater  in  my  house,  I  found  that  the  voltage 
across  the  element  was  225  volts  RMS.   What  was  the  peak  value? 


4-10. 


The  table  below  represents  a  series  of  line  voltages  taken,  over  a  period 
of  one  week  at  the  peak  load  time.    Some  of  thereadlngs  are  peak  values 
and  some  are  RMS  values.    Complete, the  table  so  that  both  peak  and  RMS 
values  are  given.  ,        .        **  ' 


Peak 


RMS 


4' 

Sun 

125 

5 

Mon 

* 

150 

e 

Tues 

109.5 

7 

Wed 

146 

8 

Thurs 

113 

9 

Fr1 

142 

10 

Sat 

110,2 

<  > 
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Self-Test 

1.  To  reverse  most  DC  motors  you  must  " 

a.  switch  the  shaft  end  to  end. 

b.  invert  the  motor. 

c.  reverse  the  polarity  of  the  connections. 

d.  give  the  shaft  a  twist  1n  the  opposite  direction. 

2.  The  difference  between  AC  and  DC  1s  that  AC 

a.  flows  1n  one  direction. 

b.  switches  on  and  off. 

c.  switches  polarity. 

d.  has  only  positive  alternations. 

3.  The  rise  time  1s  J 

a.  the  time  1t  takes  for  one  cycle  of  AC. 

b.  the  time  It  takes  for  the  voltage  to  go  from  0  to  the  peak  value. 

c.  the  time  1t  takes  for  one  turn  of  the  motor.  . 

d.  the  lag  between  cycles. 

4.  The  sine  wave  1s 

a.  a  smooth  pure  wave  form. 

b.  '    an  abrupt  changing  wave  form. 

c.  a  triangular  shaped  wave  form. 

d.  a  sawtooth  type  wave  form. 

/        .<**•  ■  c  • 

5.  One  cycle  1s 

a.  equal  to  RMS  times  peak. 

b.  one  positive  alternation  and  one  negative  alternation. 

c.  a  span  of  1/10  of  a  second. 

d.  equal  to  RMS  minus  peak. 

6.  RMS  voltages 

a.  higher  than  peak.  .  ; 

b.  equal  to  the  square  root  6f  two. 

c.  equal  to  .707  times  the  peak  value. 

d.  equal  to  1.414  times  the  peak  value.  - 

7.  The  audio  generator  produces  signals  1n  the  frequency  ranqe  of 

a.  10  hz  to  100  kHz.'  -        17  y 

b.  20  hz  to  20  kHz. 

c.  400  cps  to  5  kHz.  , 

A.     any  electric  organ,      •■'  ; 
. .  v 

8.  The  audio  generator's  output  can  be  controlled  to 

a.  change  frequency.  % 

b.  change  resistance. 

c.  change  wave  shape,  voltage,  and  frequency. 

d.  change  wave  shape,  resistance*  and  voltage. 

9.  The  AC  voltmeter  measures 

a.  peak  value.  V  • 

b.  1.414  volts  less  than  peak. 

c.  RMS  voltages: 

<t.     .707  of  the  RMS  voltage. 
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Set-Up  and  Operation  of  the  Audio  Generator 

For  this  task  you  will  need  the  following  materials: 

One  audio  generator  % 
One  pair  of  head  phones 
One  set  of  connecting  wires 

Set-Up 

Refer  to  this  drawing  for  all  steps  In  this* task. 

(All  audio  generators  are  not  alike,  but  they  will  have  comparable  controls.) 


With  the  audio  generator  1n  front  of  you 
IDENTIFY  the  following  controls: 


1.  Off-on  switch 

2.  Pilot 

3.  Coarse  frequency  adjust 

4.  Fine  frequency  adjust 

5.  Wave  form  switch 

6.  Output  level  control 


/ 

70  HEAD  PHONES 
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7.  Output  terminals 

8.  Power  cord 


Operation  of  the  audio  generator  <  { 

  K    Plug  1n  power  cord.  ( 

 2.    Switch  unit  oh  (check  pilot).  \ 


  3.    Adjust  fine  frequency  control  to  1000  Hz. 

  4.    Switch  coarse  frequency  to  correct  band  for  1000  Hz  (B). 

  5.    Switch  wave  form  to  sine  "position. 

  6.    Connect  head  phones  to  output  terminals. 

_   7.    Place  the  head  phones  on  your  head  with  the  phones  slightly  off  ears 

(to  avoid  loud  blast) . 

  8.    Adjust  output  level  control  so  you  can  hear  the  sound  (called  a  signal), 

  9.    Turn  the  frequency  controls  to  different  settings.    (Notice  how  the 

pitch  in  the  phones  goes  up  as  the  frequency  1s  Increased.)   What  1s 
the  highest  frequency  you  can  hear?  '  , 

Answer  the, questions  below. 

1.  What  1s  the  lowest  sine  frequency  that  you  can  hear?    (not  feel) 

* 

 Hz    .  ' 

2.  What  is  the  highest  sine  frequency  that  you  can  hear? 

Hz 


^.     How  dop  the  square  wave  sound  different  from  the  sine  wave? 


i^- 


Instructor  check 
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Final  Test 


2. 


A  smooth,  ever-changing  pure  wave  form  describes 

a.  a  sawtooth  wave  form. 

b.  a  triangular  wave.form, 

c.  a  sine  wave  form. 

d.  .  a  trapezoidal  wave  form. 

fu«2S         IXi  f5e±  T  "  t4k"  f°r  the  Wta*  frm 

a.  ( 'one  cycle. 

b.  an  alternation,   y  

c.  the  rise  time, 
•    d.     the  fall  time. 

3.  AC  Is  different  from  DC  because  AC 
a.     flows  In  one  direction. 

•b.     switches  on  and  of*, 
c.     switches  polarity. 
-    d.     has  longer  cycles. 

4.  To  make  a  DC  motor  reverse  directions 

a.  .reverse  the  pofarlty  of  the  connections. 

b.  Invert  the  motor. 

c.  reverse  th«  motor  shaft  end  to  end. 

d.  give  the  shaft  a  twist  In  the  reverse  direction. 

5.  The  major  advantage  of  the  oscilloscope  is  its  ability 

a.  to  measure  DC  power  levels. 

b.  to  see  changes  that  happen  at  a  fast  rate  of  speed, 
c     to  measure  DC  voltages. 

d.     to  measure  DC  current  level. 

-  •      .  / 

6.  The  output  of  the  audio  generator  can  be  changed 

a. "    as  to  Its  voltage. 

b.  as  to  Its  voltage  and  wave  shape. 

c.  as  to  Its  voltage,  resistance,  and  wave  shape. 

d.  as  to  Its  voltage,  frequency,  and  wave  shapes. 

7.  The  normal  AC  voltmeter  measures 

a.  RMS  voltage.  •* 

b.  peak  voltage. 

c      .707  of  the  RMS  value. 

d.     1.414  times  the  peak  value.  45 

8.  The  frequency  range  of  the  audio  generator  includes 

a,  20  Hz  to  20  kHz,  • 

b.  10  Hz  to  400  Hz. 
c  (  1Hz  to  10000  kHz. 
d.     1  kHz  to  2kHz. 
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RMS  voltage  Is 

a.  equal  to  .707  times  the  peak  value.  , 

b.  equal  to  1.414  times  the  peak  value, 
c     equal  to  the  square  root  of  two. 

d.     the  same  as  the  peak  value. 

One  cycle  of  alternating  current  1s 

a.  one  span  of  1/10  of  a  second. 

b.  equal  to  RMS  times  peak. 

c.  one  positive  alternation  and  one  negative  alternation. 

d.  equal  to  RMS  minus  peak.  >  » 
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OK  RE-&0 


Completed  Task 

Completed  problem  sheet  with  90%  or  better  % 

— 1  r-  . 

Completed  Final  TesVwIth  90%  or  better       _  % 


When  all  checks  Indicate  OK,  proceed  to  the  next  learning  package.  , 
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Answers  to  Problem  Sheet: 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


165.5 

109.9 

318  V 

177 

106 

155 

103 

160 

100 

156 


V  peak 

V  RMS 
peak 


Answers  tp  Self- Test: 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


c 
c 
b 
a 

b 

c 
b 
c 
c 
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MAGNETISM 


Goal: 


ERIC 


The  apprentice  will  be  able  to 
describe  permanent  and 
electromagnet ism. 


Performance  Indicators: 

1.    Describe  permanent  magnets 

2*  'Describe  magnetic  fields* 

3.    Describe  laws  of  repulsion 
and  attraction. 

A.    Describe  magnetic  flux. 

5.    Describe  electromagnetisnu 
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'  v 

Title  II— Vocational  Education  Equal  Opportunity  Specialist 
Title  VI— Equal  Education  and  Legal  Specialist 

Title  IX— Associate  Superintendent,  Educational  Program  Audit  Division,  and  Equal  Edu- 
cation and  Legal  Specialist 
Section  504— Specialist  for  Speech,  Language  and  Hearing;  Special  Education  Section 

Inquiries  may  be  addressed  to  the  Oregon  Department  of  Education.  700  Pringle  Parkway 
SE.  Salem  97310  or  to  the  Regional  Office  for  Civil  Rights,  Region  X.  1321  Second  Avenue 
Seattle  98101.  i  * 
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Given: 

A  list  of  questions  about  basic 
permanent  magnetism  and 
electromagnet  ism. 

A  set  of  magnetic  equipment. 


The  student  will : 


Directions 


Obtain  the  following: 

Set  of  magnets 
Compass 

Magnetic  cores 
#18  wi  re 

Paper  or  cardboard  tube 
Power  supply 
Box  of  nails 


Learnincf  Activities 


Answer  questions  on  the  fina]  test  with 
an  accuracy  of  90  percent. 


identify  magnets,  and  magnetic  polarity, 
Wind  a  solenoid  and  an  electromagnet 
and  test  each. 


\ 


Study  Key  Words  list. 

Read  Information  Sheets. 

Do  Self-Tests. 

Oo  Task  A. 

Do  Tasks  B  and  C. 

tfo  Final  Test. 

Obtain  Final  Evaluation. 
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Keywords 

•     /  •  •   '  . 

Coil :    ^  spiral  winding  of  wire. 

Core:  /The  center  part  of  a  coil ,  made  of  a  magnetic  material  or  air.  v 

Domain:   Very  tiny  magnetic  area  in  iron,  nickel,  or  cobalt.  , 

Electromagnet:    A  coil  of  wire  powered  by  a  source  of  electricity. 

Field:   The  magnetic  flux  around  a  magnet. 

Flu_x:    The  lines  of  magnetic  force  around  a  magnet. 

Gauss:    A  unlt  that  is  used  to  measure  the  amount  of  magnetic  force. 

Keener:    A  piece  of  iron  across  the  poles  of  a  magnet  placed  there  to  prevent 
loss  of  magnetism  when  the  magnet  1s  1n* storage. 

Line  of  force:   Referring  to  the  magnetic  flux. 

Magnetic  metals:    Iron,  ntekel ,  and  colbalt;  5  " 

Magnetic  polarity:  Referring  to  the  north-  and  south-seeking  ends  of  a  magnet. 
Magnetomotive  force:    The  magnetic  push. 

Pole:    The  end  of  the  magnet,  where  the  magnetic  force  1s  greatest. 

Residual  magnetism:    The  magnetism  that  remains  1n  a  metal  after  the  magnetic 
force  has  been  removed. 

Saturation:  The  point  at  which  a  piece  of  magnetic  material  cannot  be  further  - 
magnetized. 

✓  » 

Solenoid:  jA  coll  without  a  core.    A  sucking  coil. 


4  328 


■MP 


Information  Sheet  No.  1 

etsl 


EL-BE-45 
Magnetism 


Permanent  Magnet! 

Magnetism  is  involved  In  a  grejt  number  of  electric  and  electronic  devices 
such  as  motors,  solenoids,  transformers,  meters,- etc.   A  knowledge  of  the  basic 
principles  of  magnetism  Is  Important  for  understanding  the  operation  of  these 
devices.  .'"•».' 

There  are  only  three  magnetic  materials  on  earth.    A  magnetic  material  Is  a 
material  that  can  be  attracted  by  a  magnet.,  These  materials  are  Iron,  nickel, 
and  colbalt.   Materials  like  steel  are  alloys  that  contain  Iron;,  therefore, 
they  are  magnetic.  .         •         ,  w 

*  ) 
The  simplest  magnetos  a  bar  magnet.    One  end  of  the  magnet  is  labeled  N  and 
the  other  end,  1s  labeled  S.   All  you  have  to  do  to  understand  the  N  and  S  is  to 
make  a  compass  out  of  the  bar  magnet.   The  end  that  points  north  Is  stamped  N 
and  the  end  which  points  south  Is  stamped  S.    So  when  we  say  the  north  end  of 
a  magnet,  we  mean  the  north-SEEKING  end.   What  makes  a  magnet  want  to  point 
north  and  south?   No  one  has  the  answer  to  that  question.   The  exact  nature 
of  magnetism  is  not  really  knowfc,  but  we  are  aware  of  the  actions  of  magnetic 
materials.    If -we  look  Into  a  pTece  of  Iron  with  a  magnetic  eye,  we  will  see 
a  lot  of  tiny  magnets  called  domains,  pointed  every  which  way  all  over  Inside 
the  material.    Remember  that  these  domains  are  only  In  the  three  magnetic 
materials:    iron,  nickel,  and  colbalt.  the  shape  of  the  domain  1s  not  really 
known,  but  we  will  picture  It  as  a  tiny  bar.   These  domains  can  turn  and  spin 
around  in  the  material.    The  drawing  below  Is  a  domain  grouping  Inside  a  non- 
magnetized  Iron  bar. 

i  • 


NONHJ^ONETIZEO    .  * 
IRON  BAR 


3Uft-/AlCROSCOPlC 


Notice  that  the  domains  are  pointing  every  which  way.  The  total  effect'ls  that 
the  N  end  of  each  domain  Is  facing  a  S  end  of  another  domain.  This  cancels  out 
the  external  magnetic  force  so  the  bar  of  iron  Is  not  a  magnet. 
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If  the  bar  of  unmagnetlzed  Iron  were  put  Into  a  magnetic  field  (next  to  a 
magnet),  the  domains  Inside  of  the  Iron  would  align  themselves  with  the  ' 
magnetic  field.    Study  the  drawing  below. 


3J\    (N)  ENDS 

sza  o  iWof  the 
aaf  domains 


The  magnetic  domains  In  the  Iron  are  lined  up*  so  that  the  S  ends  are  pointing 
toward  the  N  end  of  magnet.   This  causes  the  magnet  to  attract  the  Iron  and 
makes  a  temporary  magnet  out  of  the  Iron  bar.    (Notice  the  dotted  S  and  N 
Indicating  that  the  magnetism  Is  temporary.)   When  the  magnet  1s  removed  from 
the  Iron  bar,  the  domains  will  spin  around  to  cancel  out  the  magnetism.  The 
Iron  turns  back  to  the  nonmagnetlzed  state. 

If  there  were  some  way  that  the  domains  could  be  locked  Into  the  magnetized 
condition,  the  Iron  bar  would  remain  a  magnet.  ,Th1s  1$,  Nmposslble  with  soft  • 
pure  iron.    The  addition  of  carbon,  copper,  aluminum,  colbalt,  and  nickel  tb  " 
the  iron  produces  an  alloy  which  will  lock  the  domains  so  they  cannot  turn. 
This  means  that  a  permanent  magnet  1s  a  special  alloy  of  metals.   The  magnet 
must  have  special  handling  because  heat  or  jarring  will  tend  to  Unlock  the 
domains,  which  will  destroy  the  magnetic  effect. 

The  Magnetic  Field  ^ 

The  magnetic  field,  sometimes  called  a  flux  field,  1s  the  Invisible  force 
around  a  magnet.    This  force  Is  very  common.    Because  the  earth  1s  a  magnet 
we  live  In  magnetic  fields  all  the  time.   When  we  walk,  we  are  going  through 
these  magnetic  lines.   How  can  we  detect  or  see  magnetic  lines?   One  way  1s  to 
take  a  bar  magnet,  place  a  sheet  of  paper  over  1t,  and  Sprinkle  Iron  filings 
on  the  paper.    The  following  drawing  Shows  what  the  result  would  look  like. 


»     I  * 
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1  1  ' 

IRON-FILING  PATTERN  OVER  A  BAR  MAGNET 

From  the  Iron-filing  pattern,  1t  1s  hard  to  see  the  full  picture  of  the  lines 
of  force.   What'can  be  seen  Is  that: 

1.  The  ends  or  poles  have  most  attrjtcjjon. 

2.  There  are  two  poles. 

3.  There  seems  to  be  no  magnetic  action  1n  the  center. 

4.  The  force  field  seems  to  (ge  In  lines  from  one  end  to  the  other. 

in  the  following  drawing  the  magnetic  flux  Is  shown  again;  but  this  time  1t  Is 
shown  more  clearly  than  could  be  done  with  the  Iron  filings.    (Only  a  small 
amount  of  lines  are  shown  tounak'e  the  drawing  clear.) 

0 

* 


s 


This  drawing  shows  that  there  are  distinct  lines  of  magnetic  flux.   Each  has 
direction  from  the  N  end  of  the  magnet  to  the  S  end.   These  lines  are  also 
complete  (continuous)  from  the  north  to  the  south  end. 

;  > 
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The  Magnetic  Laws  of  Attraction  and  Repulsion 

\ 

As  was  stated  before,  the  N  end  of  the  magnet  tries  to  point  north.    This  means 
that  there  1s  an  attraction  to  the  north  pole  of  the  earth.   This  makes  the 
compass  (which  makes  use  of  a*magnet)  very  Important  for  navigation.   What  ts 
happening  to  the  flux  lines  during  the  attraction?    Study  the  drawings  of  the 
'magnets  below. 


Attraction  Repulsion 
North  to  South  ■-.  North  to  North 


Attraction 
«  South  "to  North 


Repulsion 
South  to  South 


Knowledge  of  the  directions  and  form  of  these  magnetic  fields  1s  Very  Important 
for  understanding  the  operation  of  devices  such  as  speakers,  tape-recording 
heads,  etc. 

From  the  drawings  you  know  that": 

1.  Unlike  magnetic  poles  attract.    (North  and  a  South  or  South  and  a 
"North) 

2.  Like  magnetic  poles  repel.    (North  and  a  North  or  South  and  a  South) 

3.  When  the  poles  attract,  the  flux  lines  from  one  magnet  combine  with 
the  flux  lines  from  the  other  magnet.  i 

4.  When  the  poles  repel ,  the  magnetic  flux  lines  do  not  combine. 


■A 
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The  magnetic  flux  passes,  through  materials  with  different  amounts  of  resistance. 
As  an  example,  the  magnetic  flux  passes  through  iron  much  more  easily  than 
through  air,  plastic,  etc.    For  a  magnet  to  last  a  long  time,,  the  gap  between 
the  marth  and  south  poles  should  be  as  small  as  possible.   When  the  magnet  Is 
not  1n  use,  It  Is  wise  to  place  a  bar  of  soft  Iron  between  the  poles.    This  bar 
of  Iron  Is  called  a  KEEPER.    The  magnets  pictured  below  have  keepers  on  them. 


s 

K 

Magnets  with  Keepers 
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Measuring  the  Magnetic  Flux 

How  strong  a  magnet  Is  depends  on  many  factors, 
following: 


Some  of  these  factors  are  the 


1.  The  mass  of  the  magnet  (amount  of  metal). 

2.  How  well  1t  1s  magnetized. 
'   8.  The  alloy  of  the  metal.' 

4.  Its  shape  or  form.  , 

The  more  lines  of  magnetic  flux  per  area,  the  more  magnetic  effect  we  can  get. 
The  measure  of  magnetic  flux  concerns  the  number  of  lines.  There  are  at  least 
three  systems  Of  measurement  of  magnetic  flux:  Gauss,  Maxwell,  and  the  Weber. 
Gauss  is  to  measure  of  the  number  of  lines  of  a  magnet.  The  Weber  has  to  do 
with  the  amount  of  flux  change  per  second  to  produce  one  volt  induction.  As  a 
point  pf  comparison,  the  earth's  field  1s  less  than  one  Gauss  while  a  small  toy 
horseshoe  magnet  could  have  200  Gauss!  < 

The  Square  Law  Magnetic  Relationships 

Study  the  drawing  below  that  shows  tests  of  magnetic  pull. 

ONE  SHEET  OF  PAPER 


MAGNET  "  N< 

— —  "  " 

-TWO  SHEETS  OF  WER 


'TO  PULL 
OFF 


MAGNET  N 

I  u 

TO  PULL 
OFF 


Each  time  that  you  double  the  distance  between  the  magnetic  pole  of  the  magnet 
and'the  magnetic  material,  the  magnetic  pull  decreases  by  the  square  of  the 
distance)   This  means  that  as  you  move  Way  from  a  magnet,  the  flux  level  drops 
at  a  fast  rate.   This  is  very  important  when  dealing  with  tape  heads  of  a  tape 
recorder*   A  very  small  amount  of  dirt  can  hold  the  tape  far  enough  from  the 
head  to  make  the  tape  unit  completely  inoperative.   Keeping  the  magnetic  gap 
tlear  on  a  tape  head  1s  very  Important. 
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1.  The  magnetic  field  Is  sometimes  called 

a.   magnetic  force. 
-   b.    flux  1 1nes. 

c.  Mron  filings. 

d.  north  and  south.  .  . 

---"*.  t>  .  ' 

2.  The  direction  of  magnetic  fields  1s 

a.  around  the  magjjet  In  a  crosswise,  direction. 

b.  from  the  north  pole  to  the  south  pole. 

c.  from  the  south  pole  to  the  north  pole. 

d.  along  the  sides  of  the  magnet. 

3.  The  law  of  magnetic  attraction  and  repulsion  states  that  / 

a.  like  poles  repel  and  unlike  poles  attract.  . 

b.  like  poles  attract  and  unlike  poles  repel. 

c.  the  south' pole  attracts  another  south  pole. 

d.  the  square  of  the  north  pole  equals  the  square  of  the  south  pole. 

4.  If  a  block  of  soft  Iron  1s  1  cm  from  a  magnetic  pole  and  then  moved  to  .5 
cm,  the  force  between  them  will 

a.  double. 

b.  halve. 

c.  quadruple.  1  '* 

d.  triple. 

\  *  " 

5.  The  flux  lines  around  a  magnet  are 

|.  In  both  directions^  a 

b.  more  dense  as  you  move  away  from  the  pole. 

c.  complete  from  the  south  pole  to  the  north  pole. 

d.  complete  from  the  north  pole  to  the  south  pole. 

6.  The  strength  of  a  magnet  1n  the  center  section  halfv/ay  between  the  poles  1s 

a.  equal  to  the  square  of.  the  north  pole. 

b.  zero. 

c.  four  times  stronger  than  at  the  poles.- 

d.  weaker  In  larger  magnets. 

7.  The  strength  of  a  magnetic  field  1s  measured  In 

a.  volts  per  Inch. 

b.  Gauss  or  Weber.  . 

c.  flux  line  diameter. 

d*  the  square  Maxwel 1 .  % 

8.  *The  following  materials  are  magnetic 

a.  lead ,  tin ,  and  zinc. 

b.  gold,  silver,  and  copper. 

c.  alumlnunu  chromium,  and  platinum.  .     »  > 


d.    Iron.,  n^el ,  and  colbalt. 
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Electromagnet Ism 


There  1s  a  relationship  between  magnetism  and  electricity*   One  of  these 
relationships  1s  that  whenever  current  1s' passed  through  a  conductor,  a 
magnetic  flux  Is  set  up  around  the  conductor.   The  form  that  the  magnetic  flux 
lines  make  Is  one  which  surrounds  the  wire  1n  a  sheath.    Study  the  drawing  of 
the  current-carrying  conductor,  { 


FLUX  LINES 


CURRENT  DIRECTION 
The  Magnetic  Flux  around  a  Wire 


From  the  drawing  you  should  be  able  to  recognize  that: 
i  - 

1.  The  current-carrying  conductor  has  a  magnetic  flux  around  1t. 

2.  The  magnetic  flux  1s  around  the  wire  1n  a  crosswise  direction. 

3.  The  magnetic  flux  1$  continuous  all  along  the  wire. 

If  you  know  the  direction  of  the  current  flow  through  the  wire,  you  can  tell 
the  direction  of  the  magnetic  flux  around  the  wire  by  the  use  Of  the  LEFT-HAND 
RULE .    The  following  drawing  shows  this  method. 


flow  direction 


FLUX  DIRECTION 


Grasp  the  wire  with  the  left  hand  with  the  thumb  pointing  1n  the  dlnectlon  of 
the  current  flow.   The  fingers  will  wrap  around  the  wire  1n  the  direction  of 
the  magnetic  flux  lines.   Also,  if  the  fingers  were  to  be  wrapped  around  in  the 
direction  of  the  magnetic  flux,  the  thumb  will  point  1n  the  direction  of  the 
current  flow. 


r  > 
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The  amount  of  rija"gnet1c  flux  around  one  wire  1s  quite  small.    To  make  a  stronger 
flux  field,  we  can  concentrate  the  wire  by  winding  it  Into  a  coil.   To  picture 
how  the  coil  can  concentrate  the  flux,  study  the  drawing  of  the  col  1  below. 


CURRENT 


The  flux  lines  go  from  the 
north  end  to  the  south  end  on 
the  OUTSIDE  of  the  coll. 


C 


FLUX  FOR  ONE  "TW 


combined  flux  lines  for  the  coil 


From  the  drawing  1t  can  be  seen  that  the  flux  Tines  around  each  turn  of  the 
coll  can  combine  with  the  flux  lines  from  the  next' turn.   All  of  the  flux  lines 
will  combine  ton  form  a  magnetic  flux  for  the  coll.   Check  ft  out  with  the  left- 
hand  rule.    The  more  turns  of  wire  1n  the  coll  ,  the  stronger  the  magnetic 
effect.  'Notice  from  th$  drawing  that  the  magnetic  polarity  1s  shown.    This  too 
can  be  seen.   Remember  that  the  flux  lines  go  from  the  north  end  of  the  magnet 
to  the  south  end  ON  THE  OUTSIDE  OF  THE  MAGNET.    Check  1t  out  on  the  drawing. 


The  Electromagnet 


\ 


Now  that  we  know  how  the  coll  works,  we  can  make  an  electromagnet.    First,  we 
need  a  tore.   The  core  should  be  a  magnetic  material.    Ipon  1s  the  strongest  of 
the  three  and  also  the  most  Inexpensive.    Because  we  want  to  turn  the  magnetism 
off,  we  need  a  form  of  iron  that  won't  let  the  domains  lock  up.   Remember,  soft 
iron  is  the  best  choice  here  because  the  domains  are  free  to  spin  around  and 
cancel  the  external  flux  lines.    The  iron  will  concentrate  the  lines  close  to 
the  coil  to  give  us  the  best  magnetic  effect. 
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To  construct  the  electromagnet  we  wind  the  wire  around  the  coVe  In  a  neat 
spiral  of  Insulated -wire  so  the  windings  will  not  short  from  one  to  the  other. 
Study  the  drawing  of  the  electromagnet.  f 


•MAGNETIC  FLU)? 
■SOFT  IRONCOQ^ 


The  Electromagnet 


The  magnetic  action  In  and  around  the  electromagnet  is  much  the  same^s  that  of 
the  permanent  magnet  except  that  the  electromagnet  can  be  turned  off  and  on  and 
can  be  many  times  stronger. 

The  Solenoid 

Another  type  of  electromagnet  which  Is  very  useful  is  called  a  solenoid.  Th# 
solenoid  Is  an  electromagnet  without  a  core.   The  part  that  makes  It  Inter- 
esting is  that  it  seeks  or  attracts  a  core  when  It  Is  turned  on.   Jo  make  a 
solenoid  you  wind  the  insulated  wire  around  a  hollow  nonmagnetic  tube.  The 
tube  can  be  made  of  paper,  plastic,  or  even  a  metal  such  as  copper  or  brass. 
Study  the  drawl ng^f  the  solenoid  below. 


r 
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GORE 


When  the  coll 
the  core  will 
the  center  of 


Is  turned  on 
be  sucked i to 
the  soleh 


The  Solenoid  "Sucking  Coll" 
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Because  of  the  mechanical  travel  that  the  splenoid  can  produce,  It  Is  used  to 
do  the  following  things: 

1.  Turn,  switches  off  and  on. 

2.  Control  draft  and  air  flow  In  heating  and  ventilating  systems. 

3.  Shift  gears. 

4.  Operate  door  chimes. 

5.  Start  or  stop  machines. 


\ 
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Factors  of  Magnetism 


There  are  many  measures  and  factors  of  magnetism.    Included  here  are  a  few'  of 
the  most  important  ones. 

Magnetomotive  Force  (MMF) 

Magnetomotive  force  Is  explained  as  the  force  needed  to  produce  a  magnetic 
field.    This  force  can  be  made  stronger  by  increasing  the  number  of  turns 
of  wire  on  the  coi 1  or  by  Increasing  the  amount  of  current  through  the  coll. 
The  ampere  turn  Is  used  with  magnetomotive  force  as  a  unit  of  measure, 

Saturation 

Saturation  refers  to  the  state  of  a  core  which  cannot  b*  further  magnetized. 
More  magnetomotive  force  will  not  Increase  the  amount  of' magnetism  of  a  sat- 
urated core.   This  condition  takes  place  when  all  of  the  doma1ns«1n  the  core 
are  lined  up.    It  Is  at  this  point  that  more  energy  cannot  Increase  the  domain 
alignment  so  the  core  Is  said  to  be  saturated.  ' 

f 

Residual  Magnetism  *  ! 

Residual  magnetism  Is  the  magnetism  that  remains  after  the  magnetomotive  force 
is  removed.    This  condition  Is  caused  by  a  few  of  the  domains  staying  locked  In1 
one  direction.    This  residual  magnetism  can  cause  problems.   As  an  example,  a 
relay  can  stay  stuck  down  after  the  current  Is  turned  off. 

•i 

Demagnetizing  '  ^ 

! 
I 

Demagnetizing  is  the  process  of  removing  the  magnetic  effect  from  a, Material 
or  device.    Many  times  tools  will  become  magnetized  and  will. need  t6  be 
demagnetized.   Tape  recorder  heads  often  need  to  be  demagnetized. 

The  device  that  is  used  to  demagnetize  is  nothing  more  than  a  large  coil  with 
no  core.    The  power  to  operate  the  coll  Is  AC.    To  operate  the  unit  the  power 
is  turned  on  to  the  coll.   This  produces  a  magnetic  field  that  switches  polar- 
ity back  and  forth.    The  object  to  be  demagnetized  Is  placed  Into  the  coll. 
The  object  Is  forced  to  be  magnetized  first  one  way  and  then^the  other.  The 
object  is  then  slowly  removed  from  the  coll*   The  strength  of  the  back-and- 
forth  reversing  field  becomes  less  and  less.    This  leaves  the  object  with  no 
residual  magnetism.  .  - 
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♦     1  v  r  •Magnetism 

Self-Test  No.  2  ,  < 

I     >  i 

l 

I 

1.  If  a  current  Is  flowing  through  a  wire 

a.  a  magnetic  field  around  the  wire  will  be  present, 

b.  no  magnetic  action  Is  present. 

c.  one  end  of  the  wire  1s  north  and  the  other  south. 

d.  the  heat  from  the  wire  destroys  the  magnetic  effect. 

2.  Electromagnets  are  made  by  winding  wires  Into  colls  because 

a.  it  plroduces  less  heat.  •  •  \ 

,  b.  the  core  1s  easy  to  install.  \ 

c.  the  leads  are  easy  to  connect. 

d.  Ifconcent rates  the  magnetic  field.  \* 


v 

* 

3.    The  left-hand  rule  for  conductors 


\ 


a.  is  used  for  checking  wire  temperature. 

b.  1s  used  so  the  right  hand  is  free  to  write  voltage  readings. 

c.  shows  the  flux  direction  1f  the  cur  rental  recti  on  1s  known. 

d.  Is  more  accurate  than  the  right-hand  rule. 

4.  A  solenoid  is  sometimes  called 

a.  an  electromagnet. 

b.  a  sound  generator.  , 
'    c.    a  sucking  coll . 

d.    a  long  cored  coll .  <  • 

..> 

5.  Saturation  is  . 

•      a.    the  point  at  which  more  magnetomotive  force  cannot  produce  more 
magnetism  from  a  core. 

b.  the  point  at  which  the  coil  cannot  pick  up  moisture  from  the  air. 

c.  the  peak  voltage  point.    "  /  < 

d.  caused  by  the  residual ^magnetism. 

>  I 

6.  A  solenoid  is  used  for  ^ 

a.  heating  soldering  Irons.     "I  " 

b.  controlling  temperature. 

c.  mechanical  movement  of  pulling. 

d.  measuring  resistance. 

7.  Demagnetizing  is  best  done  with 


a;  a  hammer. 

b.  a  strong  light. 

c.  a  large  AC  coi 1 . 

d.  twisting  the  metal  one  half  turn  north. 


1  Et-BE-45 
\>  .  ■  Magnetism 

Task  A 

«  * 

Given:    Four  unmarked  magnets ,  a  -compass. 
I.   Identify  the  north-  and  south-seeking  ends.  < 
(Use  masking  tape  to  make  labels.)  •• 

When  using  the  compass,  keep  It  at  least  one  Inch  away  from  the  magnets\' 
poles. 

[]  Instructor's  Check 


>  t 


Given:    Two  bars  of  Iron  with  no  markings: 

one  unmarked  magnet 

one  unmagnetlzed  Iron  bar 

2.-   You  must  present  the  magnet  to  the  Instructor  In  five  minutes. 

Rules:    1.    No  other  metal  object  may  be  used. 
2 v  No  compass  can  be  used. 

\   You  may  not  try  to  make  a  compass  from  the  bars. 


□  Instructor's  Check 


\ 

\ 

\ 


* 
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Task  B 


Given:    Iron  core,  paper  tube,  #18  magnet  wire,  and  a  heavy  power  supply. 

*  1.   Construct  the  following  solenoid: 

Wind  30  turns  of  #18  magnet  wire  on  the  papgr  tube.  The  wire  must  be 
closely  wound  1n  a  neat  sp1  ra>l . 

*  *  * 

Leave  10  Inches  of  wire  at  each  end  of  the  coll  for  leads.  (Tape  each 
end  of  the  col  1  to  hold  the  wire.) 

Strip  one-half  inch  of  insulation-  off  the  end  of  each  lead. 


.  h  STRIP 


//2  STRIP 


Apply  3-5  volts  to  the  cb1 1  from  the  power  supply.    (Don't  overheat  the 

coi 1 . ) 


With  the  power  applied  to  the  qoil  ,  place  the  core  Into  the  coll. 


Explain  what  happened. 
□  Instructor's  Check 
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Task  C 


\ 


EL«-BE-45 
Magnet i  sm 


Given:    Iron  bar,  #18  magnet  wire,  small  box  of  niTl  1  s ,  and  a  power  supply. 
I.   Wind  40  turns  of  wire  6n  the  iron  bar  in  two  layers  ofa  20  turns  each. 
Leave  10  inches  of  wire  for  leads. 


Strip  ends  as  in  Task  B. 

4 

Tape  the  coil  to  hold  the  wire. 


Iron  nails  v-a^ 


-core; 


2.  /Apply  power  as  called  for  in  the  chart  below. 

1  LI  » 

3.  tKwt  the  nails  that  it  is  possible  to  pick  up  with  the  coil  at  each 
Voltage  level. 


Volts       Number  of  Nails 


.5V 


IV 


5V 


10V 


15V 


Work  fasti  the  coil  wjll  become  hot! 


4,   Did  the  core  become  saturated? 


□  Instructor's  Check 


18 


342 


Final  Test 
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Magnetism 


1.  The  Gauss  and  the  Weber  are  both  measures  of 

a.  current  levels  1n  a  coll. 

b.  magnetic  force. 

c.  the  Maxwell.  , 

d.  ,  volts  per  Inch. 

2.  The  lines  of  magnetic  force  have  direction  from 

a.  the  south  end  to  the  north  end  of  a  magnet. 

b.  the  poles  to  the  center  of  the  magnet. 

c*    the  north  end  of  the  magnet  to  the  south  end. 
d.   the  center  of  the  magnet  to  the  poles.  ^ 

3.  The  three  magnetic  metals  are 

a.  Iron,  copper,  and  zinc. 

b.  Iron,  aluminum,  and  nickel. 

c.  Iron,  col  bait,  and  tin. 

d.  iron ,  njjdfel ,  and  col  bait.  1 

4.  If  two  magnets  are  brought  together,  the  following  action  could  result: 

a.  the  like  poles  will  repel. 

b.  heat  will  be  produced.  , 

c.  the  two  north  poles  will  attract. 

d.  no  action  will  take  place. 

5.  If  an  Iron  bar  1s  brought  to  within  one  Inch  of  a  magnet  and  then  moved, 
to  two  Inches  away,  what  will  happen  to  the  pull ?r 

a.  It  "Will  double. 

b.  It  will  be  reduced  by  four  times. 

c.  It  will  be  reduced  by  one-half. 
/       d.    It  will  be  the  same. 

<» 

6.  The  left  hand  rule  for  conductors  1s  used  to 

a.  check  wire  temperature. 

b.  show  the  direction  of  magnetic  flux.  . 

c.  measure  voltage. 

d.  count  the  flux  lines. 

7.  A  solenoid  1s  a  coll  that 

a.  provides  heat. 

b.  is  used  as  a  holder  for  soldering  Irons.  # 
'  •  f  c.  pulls  the  core  to  the  center  of  the  coll. 

d.  has  a  permanent  Iron  core. 
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B. 


Colls  of  wire  are  used  for  electromagnets  because 

a.  they  produce  less  heat* 

b.  the^hold  the  core  better. 

c.  the  leads  are  easy  to  connect.  * 

d.  they  concentrate  the  magnetic  flux. 


9.    If  the  core  of  an  electromagnet  becomes  saturated 

-a.    It  must  be  thrown  out. 

b.  1t  cannot  be  magnetized  to  a  higher  level. 

c.  It  must  be  dried  out. 

d.  it  has  reached  the  domain  level. 

10.    To  demagnetize  a  tool  or  part,. 

a.  a  large  AC  powered  coll  1s  used. 

b.  a  heater  must  be  used. 

c.  a  sharp  hit  with  a  hammer  will  do  1t. 

d.  a  strong  light  will  do  1t. 


><*% 


A 
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r         *  '  * 

Final  Evaluation  / 

K     %  OK  RE-DO 

4 

Completed  Task  A   

Completed  Task  B   ^   

Completed  Task  C  N»   

Completed  Final  Test  with  90%  score   %   


When  all  checks  Indicate  OK,  proceed  to  the  next  learning  package. 


21  345 
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Answers 


EL-BE-45 
Magnetism 


Answers  to  Self-Test  II 

1.  b 

2.  b 

3.  a 

4.  c 

5.  d 

6.  b 

7.  b 

8.  d 

Answers  to  Self-Test  #2 

1.  a 

2.  d 

3.  c 

4.  c 
b.  a 

6.  c 

7.  c  N. 
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ELECTRICAL  SYMBOLS 

w 

- 

Goal: 

Performance  Indicators: 

The    student  will  be  able  to  identify 
basic  electrical  and  electronic  symbols* 

1.  Identify  symbols  of  common  electrical 
components* 

2.  Explain  abbreviations  for  electrical 
symbols, 

3.  Explain  the  importance  of  schematics 
in  electrical  work. 

r 

A.    Explain  the  direction  t>f  flaw  for 
reading  a  schematic. 

o   

« 

347                            •  ' 

i"  ■ 

INSTRUCTIONAL  LEARNING  SYSTEMS 


Study  Guide 


4 


Read  the  introduction  to  this  module. 

Study  the  vocabulary  section  of  this  module  and  make  sure  /that  you  understand  the 
meaning  of  the  components  for  which  symbols  are  shown. 

Learn  the  symbols  and  names  of  electrical  and  electronic  components  shown  on  the 
information  sheet.  * 

Complete  activities  listed  in  Learning  Activity  section  of  this  module. 

Complete  the  self  assessment. 

Check  self  assessment  with  answer  sheet. 

ir 

Ask  instructor  to  give  you  the  post  assessment. 

Upon  completion  o%*post  assessment,  have  the  instructor  check  results. 


INDIVIDUALIZED  LEARNING  SYSTEMS 


I 


Vocabulary 


•  Abbreviations 

•  Capacitors 

•  Diodes 

•  Inductors 

•  Resistors 

•  Semi-conductor 

•  Transformers 

•  Transistors 


/ 
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II 1 U  V/vJUVi  Uyl  1 

1 

Schematics  are  road  maps  for  working  in  electricity  and  electronics.  Electrical 
workers  use  schematics  in  much  the  same  way  that  a  carpenter  uses  a  blueprint  in 
the  construction  of  a  house. 

« 

A  schematic  is  a  series  of  lines  and  symbols  that  explain  the  location  of  the  various 
components  of  an  electrical  circuit  and  how  each  one  is  connected  to  the  other.  The 
information  on  a  schematic  flows  from  left  to  right.    The  technician  can  follow  symbols 
in  constructing  circuits  and  for  troubleshooting  the  problems  of  circuits. 

The  first  step  is  to  learn  the  basic  symbols  used  in  schematics.  Once  the  symbo/s  are 
mastered,  reading  schematics  is  not  a  difficult  task. 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Information 


The  following  afre  symbols  are  used  to  represent  electrical  and  electronic  components 
in  books,  articles  and  schematic  diagrams.  Due  to  the  large  number  of  symbols,  only 
the  basic  ones  are  listed  in  this  module. 

SYMBOL  y~  L  ABBREVIATION  ^EXPLANATION 


Resistor  Symbols 


— v/N/V — 


v.. 

R 


Resistor 


R 


Variable  resistor 


— \Aa^- 


Variable  resistor 


> 


Potentiometer  (pot) 


Capacitor  Symbols 


Capacitor  (Cap)  unpolarized 
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Information 


SYMBOL  »  ABBREVIATION 

Capacitor  Symbols  (continued)  .  ~~~ 


EXPLANATION 


Capacitor  (cap)  polarizec^ 


■-if- 


Variable  capacitor 


Inductor  Symbols 


Air  core  inductor 


Magnetic  core  inductor 


LZZK 


Variable  Inductor 


er|g 


3  '> 


T 
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Information 


Transformer  Symbols  " 


A1r-core  transformer 
(untuned) 


Semiconductor  Symbols 


CR 


Iron-  or  ferrite-core 
transformer 


^     /  Diode 


CR  or  VR 


Zener  diode 
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Information 


Semiconductor  Symbols  (continued).' 


■  // 


CR 


Light  emitting  diode  (LED) 


1 ' 


NPN  Transistor 


1 


Q 
% 


PNP  Transistor 


Operational  AmpTWier'OP  amps 
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AR/I I 


Information 


SenvTcondoctor  Symbols  '(continued) 


/ 


INSTRUCTIONAL  LEARNING  SY-STEMS 


Information 


-t>- 


Inverter 


Flip-flop 


V  . 


Switch  Symbols 


Single  pole/single  throw 
(SPST) 


0  '  U 


normally  closed 


normally  open 


o  o 


,  S 


Single  pole/double  throw 
(SPDT) 


Push  Button 
(NO/NC) 
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Information 


\ 


Meters 


M 


\ 


Batteries  and  Power  Supplies 


Ammeter,  voltmeter, 
etc.  A  or  I  and  V  or  E 
within  symbol  indicate 
ammeter  and  voltmeter 
respectively 


+- 


T 


BT 


Battery 


9  /* 

Lamp  Symbols  i 

Uj)  ~"^)  DSv  Incandescent  lamp 

m   ^  -  — — —  : — ■  ■ 

ERIC  *  J°'  •  < 


INSTRUCTIONAL  LEARNING  SYSTEMV 


Information 


a* 


Miscellaneous  Symbols 


V 


~=  rm 


GND 


Ground  (Common) 


AC  voltage  source 


lL 

T 


DC  voltage  source 


# 


t 


Relay 
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Information 


Miscqfllaneous  Symbols  (cont 


Wires  crossing  but  not 
touching 


SP 


Speaker 


Microphone 


"Fuse 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Assignment 


it- 


Read  the  Information  sheets  of  this  module.  , 

470d47?PPeSoi»  that  ?ntreduc"0"  t0  llgctronlcs  by  Crozler,  Breton  Press,  pages 

.£!&,*MJc5^ sym    e  sl1ghtly  changed  t0  show 

Complete  the  self-assessment  and  post  assessment  for  this  module. 
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Job  Sheet 


Obtain  an  electronic  schematic  from  a  reference  book,  instructor,  manufacturers 
specifications  or  other  source.  {   "wnuTac™rers  ^ 

Use  symbols  in  this  module  to  Identify  the  components  in  the  schematic. 
=Make  a  list  of  symbols  that  are  not  identified  in  this  module. 

materiaSlsrUCt°r  t0  e*Pla1n  ^  unidentified  s^mbols  or  Provide  you  with  reference 

Make  up  your  own  glossary  of  symbols  that  can  be  used  as  a  quick  reference  in 
future  assignments.    Add  to  the  list  as-you  move  through  apprenticeship  "alning. 
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Self 

Assessment 


1.    Draw  symbols  for  a  variable  capacitor? 


2.    What  is  meant  by  abbreviations  such  as  R( ,  Tz,  etc? 


3. 
4. 
5. 


Are  shcematics  read  from  left  to  right  or  right  to  left? 

What  does  a  schematic  actually  show  the  reader? 

Draw  semi-conductor  symbols  for  logic  gates  AND,  OR  and  NANO. 


Draw  semi -conductor  symbols  for  an  ordinary  diode,  Zener  diode  and  transistor. 


7.  What  is  the  symbol  for  a  simple  inductor?  . 

8.  Which  electrical  components  are  found  in  the  following  schematic: 

—  '    *  ■    ■  t 


Dm 


1  <• 


List  Answers:  F, 
T, 
Di 

,  v 

D, 


t 


\What  is  the  symbol  for  ground  connection? 
lat  is  T,  ?  , 


C. 
L, 

R, 
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Self  Assessment 
Answers 


i. 


2.  R  denotes  resistor  and  the  f  means  that  it  is  the  first  of  two  or  more  resistors 
in  the  circuit.    Jz  means  that  it  is  the  second  transformer  in  the  circuit. 

3.  Left  to  right.  ' 

4.  A  schematic  shows  its  reader  the  location  of  electrical  and  electronic  components 
in  the  circuit  and  their  relationship  to  one  another. 


5. 


t>  


7. 
8. 


F,  Fuse  

T,  Transformer 

D'  Diode 

Dx  Diode 


o 


10.  Transformer 


C,  Capacitor 
C ,  Capacitor 


L,  Inductor 


R,  Ttesistor 


/ 


o 
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•instructor 

Post  Assessment  Answers 


1.    The  first  of  two  or  more  resistors  in  a  circuit. 


2. 

3. 
4. 


5. 
6. 
7. 
8. 


Schematic 
Left  to  right 
a. 


v 


9.  d. 


.,10.  AND 


9 
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Post 

Assessment 


1. 

2. 
3. 
4. 
5. 


What  does  the  abbreviation  R,  mean  when  found  with  the  symbol 
Draw  the  symbol  for  one  wire  crossing  over  another  without  joining. 
Draw  the  symbol  that  might  be  found  with  the  abbreviation  T, 
Dnaw  abbreviation  for  a  fuse. 
The  abbreviation  for  induction  is: 


a.  R. 


b.  I 


6.    A  group  of  symbols  connected  together  become  a 


7. 
8. 


On  schematics,  the  information  flows  from 
on  the  page. 


to 


The  symbol 
a.    a  diode 


represents:   

b.'  an  amplifier       c.    a  transformer       d.    a  relay 


9. 


The  abbreviation  GND  isXused  with  several  different  symbols.  Which  one  of  the 
fol lowing  is  incorrect  for  ground?  " 


a. 


.1 


b. 


d. 


10 


The  symbols  for  AND  and  OR  gates  are  very  much  alike  and  can  be  easily  confused 
which -of  these.rgates  is  represented  by.the  symbol  [ — ^  ? 


O 
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CIRCUIT  DIAGRAMS  AND  SCHEMATICS 


/ 


Goal: 


i 


The  apprentice  will  be  able  to  read 
circuit  diagrams  and  schematics. 


ERIC 


Performance  Indicators: 


\ 


1.  Distinguish  between  block  xiia"gr8jns, 
pictorials  and  schematics. 

2.  Identify  direction  of  information 
flow  in  block  diagrams,  pictorials 
an'd  schematics. 

3.  Identify  common  electrical  components 
in  circuit  diagrams  by  symbols  and/or 
abbreviations-* 

4.  ^Explain  purpose  of  block  diagrams, 

pictorial^  and  schematics. 
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Guide 


•  .Jtead  the  introduction  to-this  module. 

•  Study  the  vocabulary  section  to  identify  newt  terms  to  be  learned  in  mpdule. 

•  Study  the- information  sheet.    Make  sure  that  you  understand  the  purpose  of  block 
diagrams,  pictorials  and  schematics. 

•  Complete  the  activities  listed  on  the  assignment  sheet. 

•  Complete  self  assessment  and  check  it  with  answer  sheet. 

•  Complete  post  assessment. 
Upon  completion  of  post  assessment,  have  instructor  check  resulTts, 
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Vocabulary 


•  Block  diagram 

•  Capacitor 

•  Circuit  diagram 

•  Diodes 

•  Filter 

•  Fuse 
Inductor 
Pictorial 

•  Rectifier 

•  Resistor 

•  Schematic 

•  Transformer 


o 
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Introduction 


Symbol s  allow  us  to  describe  electrical  circuits  in  detail.    When  symbols  are  placed 
in  circuit  diagrams  and  schematics,  they  become  the  road  maps  for  working  with 
electricity. 

Circuit  diagrams  may  be  shown  as  block  diagrams  or  pictorials.    Block  diagrams  show 
how  the  rn^jor  parts  of  a  circuit  fit  together.    A  pictorial  shows  the  physical  location 
of  each  component.    Schematics  show  how  the  components  are  electrically  related  to  each 
other.  ) 

Diagrams  and  schematics  are  the  language  of  the  trade.    Those  that  work  with  electricity 
and  electronics  must  know  the  common  symbols  and  be  able  to  read  circuit  diagrams  and 
schematics^ 
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Information 


USE  OF  SYMBOLS 

Symbols  are  used  to  show,  how  complete  circuits  are  connected  and  will  be  found  in 
circulT^^fi^ajjjMmis  and  schematics. 


CIRCUIT  DIAGRAMS 


BLOCK  DIAGRAMS 


Circuit  diagrams  may  be  shown  as  block  diagrams  which  give  a  general  idea  of  how  a 
product  functions.    Block  diagrams  show  how  major  sections  are  connected  together 
,  but  do  not  show  single  components.    The  flow  of  block  diagrams  is  from  left  to  right. 
An  example  of  a  simple  block  diagram  is  shown  below: 


AC 


TRANSFORMER 

'RECTIFIER 

FILTEP 

1 

I 

PC 


The  example  show-S  how.  AC  electricity  is  converted  to  a  usable  form  of  DC  electricity 
through  the  use  of  a  transformer,  rectifier  filter  and  resistor. 

mi 

PICTORIALS 

Another  form  of  circuit  diagram  is  the  pictorial.    Pictorials  are  used  to  show  the 
exact  physical .placement  of  components  in  a  circuit.    Pictorials  are  helpful  to 
assemblers  in  finding  the  exact  place  to  instil  components.    Troubleshooters  use 
pictorial's  to  find  the  location  of  a  component  in  the  circuit.   M  example  of  a 
pictorial  is  shown  below. 
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/  \ 

Information 


■  * 


The  pictorial  shows  the  e'xact  location  of  the  fuses  (F,),  transformer  (T/),  diodes 
(Pi.  M>  .inductor  (L,),  capacitors  (C,,  Cz)  and  resistor  (R, )  'in  the  total  circuit, 


SCHEMATICS 


Schematics  show  the  exact  electrical  location  of  all' components  and  how  tne~y  are 
connected  together.    The  information  on  schematics  flows  ffom  left  to  r/ght.  The 
electrical  location  of  a  component  may  not  be  the  same  as  the  physical^ location.  Parts 
that  are  electrically  connected  may  not  be  next  to  one  another .    Fo^Jfchat  reason,  both 
pictorials  and  schematics  are  needed  in  order  te^troubleshooPtircuits.    An  example  of 
a  schematic  is  shown:  "  \    \  ' 


In  the  schematic  shown' above,  the  flow  of  electricity  moves  from  the  left  to  the 
fuse  (F,),  transformer  (T,  ),  diodes  (D,  ,  D^),  capacitor  (Cy),  inductor  (L,),  capacitor 
(C^)  -and.  resistor  (R/).    Remember  that  block  diagrams,  pictorials  and  schematics  may 
be  read  from  left  to  right.  • 
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Assignment 


Study  the  examples  of  block  diagraming*  pictorials  and  schematics  shown  in 
information  sheets.    Read  them  carefullj  from  left  to  right;  identify  each 
component  and  abbreviation  in  the  orderVthat  they  occur  in  the  circuit;  and  note 
cross-overs  in  wires.        •  ,  - 

Find  other  examples  of  block  diagrams,  pictorials  and  schematics  in  reference 
.books,  specifications  and  manuals.    Can  you  understand  the  symbols  found  in'  these 
,  examples? 

■«  • 
Complete  self  assessment.    Check  answers. 

Complete  post  assessment.    Have  instructor  check  answers'. 
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Job  Sheet 


Identify  electrical  components  in  a  schematic. 
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Self 

Assessment 


Identify  whether  the  following  drawings  are  block  diagrams,  pictorials  or  schematics. 


1. 


2. 


1 


arm 


4. 


Tl 


Hi 


5. 

6. 
7. 
8. 
9. 


n 


l 


Why  would  you  need  block  diagrams  on  the  job? 

Why  would  you  need  pictorials  oiV  the  job?  . 

Why  would  you  need  schematics  on  the  job? 

How  do  circuits  ingestions  2  and  3  differ  from  each  other? 

Define  electronic  component.  . 
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Self  Assessment 
Answers 


1. 

Block  diagram 

2. 

Pictorial 

3. 

Schematic! 

i 

* 

4. 

Block  diagram 

5. 

Schematic                       ,  ' 

To  understand  the  order *in  which  the  major  functions  of  a  process 

6. 

occurs. 

7. 

To  help  to  find  the  exact  physical'  location  of  a  component. 

• 

To  understand  how  components  are  related  electrically. 

• 

9. 

The  pictorial  and  schematic  represents  the  same  circuit.    There  is 

no  difference. 

10. 

An  electronic  component  is  an  individual  part  that  is  invol  ved 'in 
or  electronic  processes  of  a  product.    Transistors  are  components. 

the  electrical 
Screws  are  not 

ERIC 
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^^^^^        IWl^i  II 


1.  Does  the  drawing  above-'  represent  a  block  diagram,  pictorial  or  schematic? 

2.  What  is  the  first  component  in  the  circuit?  , 

3.  What  i s  the;  last . component  i n  the  Circuit?  \ 

4.  How  many  capacitors  are  shown  in  this  circuijt? 


5. 


How  many /inductors  are  shown  in  this  circuit? 

in  irKtl 


6.  How  many  diodes  arc.  shown  irpthe  circuit? 

7 .  Does  this';- Circuit  show  a,  ground?  ./..  , . : 

8.  Does'  the'.cir.cuit  have  a  fuse? 


10.    Does  this  drawing' show  physical-  relationship  or  electrical  -relationships'  of 


INDIVIDUALIZED  LEARNING  SYSTEMS 


Instructor 

Post  Assessment  Answers 


1. .  Schematic 

2.  '  Fuse 

3.  Resi'stor 


4. 

2 

'  5. 

1 

6-. 

2 

7. 

Yes- 

• 

Yes 

9. 

Yes  < 

10.  Electrical 


1 
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Supplementary  # 
References  ' 
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;Crozier,  PatriqfrP  Introduction  to  Electronics.    Breton  Publishers..  North  Scituate, 
•  Mass.    19E3\      ~~  ~*T 
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SCHEMATICS  AND  ALARM  DESIGN 


Goal: 


v    The  apprentice  will  be  able  to  use 

'schematics,  block  diagrams  and 
V    pictorials  in  the  design  of  alarm 
systems.  ,  f 


Performance  -Indicators: 


1.  Demonstrate- knowledge  of  symbols. 

2.  Demonstrate  ability  to  read  schematics, 
block  diagrams  and  pictorials  of  alarm 
syst«m  layouts. 

3.  -Demonstrate  ability  to  sketch  - 
schematics,  block  diagrams  and 
pictorials  in  alarm  systems  design, 


INSTRUCTIONAL  LEARN1K6  SYSTEMS 


Study  Guide 


Read  the  goal  and  performance  indicators  to  find  what  is  ta  be  learned  from 
package. 

Read  the  vocabulary  list. 

Study  the  introduction  and  information  sheets. 

Complete  the  job  sheet.  j 

Complete  self  assessment  and  check  answers.  / 


>  * 


v 


4  ^ 
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w 

Vocabulary 


•  Box; diagrams 

•  Electrical  relationships 

•  Physical  relationships 

•  Pictorial 

•  Schematic 

•  Templates 


V 


/ 
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Introduction 


An  installer  must  know  how  to  plan  the  electrical  connections  of  the  parts  of  an. 
alarm  system.    The  sensors  must  be  attached  to  a  signal  processor.-  The  signal 
processor  must  be  connected  with  a  monitoring  statical. 

The  electrical  relationships  can  become  complex  in  large  installations.   <Tne  use 
of  circuit  diagrams  and  schematics  are  part  of  the  installers  working  day.  An 
installer  must  know  now  to  read  and  sketch  circuit  diagrams  'of  alarm  systems. 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Information 


)  ■  < 

COMMUNICATING  WITH  SYMBOLS,  SCHEMATICS  AND  DIAGRAMS  '  ' 

Electrical  components  are  represented  by  symbols.    When  these  symbols  are  pi  deed  in 
a  schematic  drawing,  the  electrical  relationships  of  many  components  can  be  read 
and  Interpreted.  • »  i  * 

Schematics  are  a  form  of  shorthand.    Complex  circuits  can  be  described  on  a  small 
piece  of  paper  through  the  use  of  lines  and  symbols.    One  must  know  the  common 
symbols  in  order  to  read  the  diagrams  and  schematics. 

The  electrical  plan  for  an  alarm  systenataay  be  shown  as  block  diagrams  or  schematics 
Pictorials  are  used  to  show  physical  re  rat ions hips  of  the  components. 

Manufacturers  provide  schematics  and  block-diagrmas  of  their  devices.    These"  should 
be  read  and  folldwed  in  making  installations.    An  installer  must"  also  be  able  to  do 
some  sketching  on  their  own.    In  systems  design,  the  installer  must  decide  how  the 
components  are  to  be  linked  together. 

*  Circuit  diagrams,  pictorials  and  schematics  were  described  in  an  earl ier. package. 
Perhaps  some  practice  is  needed  in  making  alarm  designs. 

USE  OF  TEMPLATES  .  •  . 

Electrical  and  electronic  tempi a/ces^are  available  in  most  local  book  stores. 
Templates  are  flat  plastic  sheets  with  symbols  cut  from  the  sheets.    It  is  easy  to 
draw  the  symbols  for  bells,  reliys,  batteries  and^diodes  if  the  template  is  used. 
The  straight  edges  of  the  templates  can  be  used  in  drawing  straight  lines. 
Templates  are  sold  in  many  different  styles.    One  should  inspect  them  closely  to 
.  make  sure  that  all  needed  symbols  are  on  the  template. 

BOX  DIAGRAMS 


Many  alarm  devices  are  shown  as  box  diagrams.    Instead  of  complex  schematics  on 
all  the  circuits  in  a  box,  a  box  diagram  will  show  Jhe  terminals  that  lead  intol 
and  out  of  the  unit.    The  installer  may  not  need  to  know  how  the  fnside  is  hookl 
together.    An  example  box  diagram  follows. 


d  , 


ALARM  CONTROL 


9 

ERIC 


/ 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Information 


'block  diagrams 


Block  diagrams  may  be  used  to  show  the  major  components  of  a  system  and  their 
order  within  the  system. 


AC 

Rectifier 

Filter 

Input  - 

Voltage 
Regulator 


POWER  SUPPLY 


FLOW  OF  SCHEMATICS' AND  DIAGRAMS 

 .  ^  j  .  . —  r 

I 

The  flow  of  both  schematics  and  diagrams  move  from  left  to  right.  In  other  words, 
the  power  supply' wilt  be  shown  to  the  left  of  the  sensor  that  it  supplies 


ft 


0A/ 


X 


4 


ELECTRICAL  CURRENT  FLOW  = 
The  flow  of- electrical  current^is  shown  with  arrows. 


Ik 
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Information 


.SCHEMATICS  .  " 

'Schematics  are  used  to  show  details  of  electrical  systems.    Symbols  are  used  to  * 
represent  individual  components  of  a  system.    The  schematic  does  not  show  components 
according  to  their  physical  locations  in  a  system.    The  schematic  flov/s  from  .left 
to  right  according  to  their  electrical  place  in  the  circuit.    For  .instance," 
a  contro.l  box  and  a  bell  may  be  mounted  side  by  side  with  a  physical  distance  of 
six  inches.    In  an  electrical  relationship  there  may  be  s^veraj  sensors  between 
the  twov  A  pictorial  would  show-: 


Control 
Unit 


( 


*  Sensor  • 


#  Sensor  • 


Sensor 


A  block  diagram  for  the  example  given  above  would* be: 

\  _  


Controf 
Unit  • 


•Sensor 


_  Sensor 


A  schematic  of^the's^me  example  would  show: 


Sensor 


Bell 
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Information 


Let  us  look  at  other  examples  to  make  sure  that  we  understand  the  difference  between 
block  diagrams,  schematics  and  pictorials. 

.    1  - 


SO  PPL  Y 


S  TORAGE 


Com  Per (nc 


1 


This  block  diagram  of  a  digital  computer  shows  the  relationship  of  the  computer 
processes  to  the  power  supply  and  control.    A  schematic  of  this  example  would  be 
much  more  complex.  * 
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Information 


This  schenfatic  of  £  transistor  radio  receiver  uses  symbols  to  show  antennas, 
diodes,  transistor,  capacitor,  resistors,  headphone,  voltage  source  and  ground. 
^    'Can  you  find  all  of  those  parts? 


T, 


t>4 

T 


(ft 


T 

The  above  pictorial  shows  the  physical  relationship  of  the  components.    This  six 
volt  power  supply  would  be  mounted  ^n  the  printed  circuit  board  in  the  order  shown 
in  the  pictorial .  . 


ft 
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Assignment 


•  Review  schematics  and  block  diagrams  used  in  KiWs  and  Hints.    Observe  standards - 
for  drawings  in  the  alarm  industry.    See  supplementary  reference  sheet.  »■ 

"'  , 

•  Complete  job  she'e't.  "  ' 

•  Complete  seTf*  assessment  and  check  answers. 

•  Complete  post  assessment  qnd  have  instructor  check  answers.  "  m        •  • 
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Job  5h€€t 


Design  an  alarm  system  t<f  protect  this  room.  '  Show  a  block  diagram 'and  schematic 
of  the  components  and  their  electrical  relationship.    Protection  may  be  from  fire,  . 
instrusion  or  holdup  or  a  combination  of  threats. 

'  X2  ' 
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Self 

Assessment 


THE  FOLLOWING  SCHEMATIC  SHOWS  A  LOW  VOLTAGE  POWER  SUPPLY: 


What  are  the  following  parts  of  the  schematic 


2.  F 


•     3,,  D, 


4.  T. 


6.  Qj 

7.  R2  . 


OTHER  QUESTIONS:         -  • 

8.    Where  does  current  enter  the  power  supply? 
9'.    Where  does  current  output? 
10.    Drfaw  a  block  diagram  of  this  circuit. 
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Self  Assessment 
Rnswers 


1..  Switch 

2.  Fuse 

3.  Diodes  (rectifier  diode^) 

4.  '  Transformer 

5.  Capacitor  '  ^ 

6.  Transistor 

7.  Resistor 

8.  Afoon  left  side  of  schematic 

•  t 

9.  A  &  B  on  right  side  of?  schematic 

10. 


r 


TR/\NSfOHM£fl 
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Post 

Assessment 


•  Draw  block  diagram  for  an  intrusion  detection -system  that  involves  control  unit,  ' 
power  supply,  sensors,  and  alarm.  -  » 

•  Make  a  schemati*  of  th'e  system  shown  in  your  block  diagram.    Use  appropriate  A 
symbols .  <.  •  " 

•  Have  the  instructor  check. work. 
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•Instructor  y 
Post  Assessment  Answers 


\ 


lik  APPRENTICE  WAS  ASKED  TO  DESIGN  AN  ALARM  SYSTEM  AND. PRESENT  IT  IN  SCHEMATIC 
AND  BLOCK  DIAGRAM  FORM.    PLEASE  CHECK  THE ^  WORK  FOR: 

„  < 

•  Correct  use  of  symbols  and  lines 

l  ^  * 

•  Accuracy  of  'electrical  'relationships  presented<i'n  diagram  and  schematic 


1 1 
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Supplementary 
References/ 


\ 


•  Security  World  Publishing  Co.,  Inc. 
Los  Angeles,  1979. 


Kinks  and  Hints  for  the  Alarm  Installer. 
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SOLID  STATE  POWER  SUPPLY  SYSTEM 


>  N 


Goal: 


The  apjj^entice  will  bfe  able  to  describe 
solid  state  power  systems  and  standby 
battery  systems.- 


Performance  Indicators: 


Describe  the  main  parts  of  a  power 
supply. 

Describe  functions  of  each  major 
part  of  the  power  supply.' 

Describe  qbmmon  types  of  rectifier 
circuits,  filtering  circuits  and 
voltage  regulatory. 

Describe  unintferruptable  power 
supply  systems. 

Describe  regulated  and  non-regulated 
power  supplies. 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Guide 


>  1 


Rea^cTgoals 'and  performance  indicators- to  determine  what'is  to  be  1  earped  f rom  package, 
Read  information  sheets.     '  '  '  > 

Review  vocabulary  list. 

Complete  assignment  in  reference  book:  *  « 

Complete  job  sheet.  %  • 

• 

4'  * 

Complete  self  assessment  and  check  answers.  •  • 

•  •  »    ■  .  •■  •         ■  .  ■ 

Complete  post  assessment  and  have-  instructor  score  answers,  L  - 
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Vocabulary 


AC  input 

Capacitive  filter 

Capacitive  input  filter 

Chj3ke_lnput_filter 

Full -wave  bridge  rectifier 

Full -wye  rectifier 

Half-waVe  rectifier 

Op-amps 

Resistance-capacitance  filter 
Step-dov/n  transformer 
Step-up  transformer. 
Voltage  divider 
Voltage  doubler 
Voltage  regulator 
Zener  diode 
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Information 


Solid  stjate  power  supplv  systems  operate  on  DC  electricity.    This  DC  electricity  must 
either  be  converted  frcJm  an  AC  input  hr  obtai ned  from  batteries.    The  process  for  changing 
Aflftnto  usable  DC  current  is  shown  in  the  flow  diagram.  * 


AC  Input 


Rectifiers 


Filter 


Regulator 


Voltage 
Divider 


Let's  examine,  this -process  of  changing  AC  .to  DC  in  more  detail. 

AC  INPUT  .  S  r 

0input  is  usually  Obtained  from  utility  lines  in  the  form  of  1^10  volt  electricity. 
In  other  words,  it  is  obtained  from  household  outlets  or  a  similar  source.    Since  AC 
will  not  activate \he  components  of  the  circuit,  it. must  be  changed  into  pulsating* 
DC  current.    The  Ai?  in|ut  is  passed  through  a  transformer  on  its  way  to  the  rectifier. 
Transformers  may  be: 

-1.    Step-up  transformers  to  increase  the  voltage  and  decrease  the  current,  or 
2.    Step-down  transformers  to  reduce  voltage  and  increase  current. 


The  symbols  for  transformers  are: 

STEP-UP 


STEP-DOWN 


A  transformerless  connection  can  be  made  directly  with  the  rectifier ^  Transformerless 
-connections  are  used  in  light  weight  items  to  reduce  weight  of  the  system. 

«  * 

RECTIFIERS        ,  « 

The  rectifier  converts  the  AC  waveform  into  pulsating  DC  waveforms.    Several  different  . 
Jktifier  circuits  are  used  to  make  this  change.    Half -wave  rectifiers  remove  the  ' 
IRjative  half  .of  the  waveform.    A  full -wave  rectifier  has  an  advantage  over  the  half-wave 
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«  rectifier  in  that  it  delivers  twice  as  many  peaks  to  the  load.    In  other  words,  it  is 
more  smooth  and  requires,  less  filtering  thai*  the-  half-wave  output.    The  full-wave  bridge 
rectifier  has  a  higher  output  voltage  and  does  not  require  a  transformer.    It  does  not 
split  the  voltage  in  half  as  does  the  full-wave  rectifier.  ,  • 

Rectifiers  usually  have  di.odes,  resistors  and  transformers  in  their  circuits.  Voltage 
doublers  are  sometimes  used  in  the  circuits  to  increase  the  voltage.    Doublers  are  made  . 
by  adding  capacitors  to  the  circuit. 

FILTERS  , 

Filters  are  used  to  convert  pulsating  BC  into  a  smooth  DC  waveform.    This  filtering 
process  uses  capacitors  and  inductors.    A  few  of  the  common  filters  will  be  discussed. 
A  capacitive  filte*?  can  store  electricity  and  release  it  into  the  system  as  needed. 

t the  waveform  peaks  and  drops,  the  capacitor  releases  its  stored  electricity.  This 
tion  smooths  put  the  peaks  and  valleys  of  the  waveform  and  provides  a  smooth  DC 
current.  " 

A  choke  input  filter  uses  both  inductors  and  capacitors.    The  inductor  is  the  first 
component  in  the  filter  circuit.    Inductors  resist  changes  in  current  flow  and  serve 
to  smootK  the  current.    The  inductor  can  hold  current  for  a  short  while.    It  discharges 
the  current  at  the  same  time  as  the  capacitor  and  both  loads  enter  the  system  at  the 
»    low  point  of  the  waveform.  .  .'  •  . 

The  capacitor  cannot  supply  the  system  for  very  long.    The  voltage  will  drop  before  • 
the  next  cycle  is  under  way.    The  change  in  voltage  is  known  as  ripple. 

A  capacitive  input  filter  uses  a  capacitor  as  the  first  component  in,  a  filter.  This 
filter  also  uses  an  inductor  in  the  circuit.    The  inductor  and*capacitor  release  their 
loads  into  the  system  when  the  waveform  drops  its  voltage. 

«fr  resistance-capacitance  filter  utilizes  a  resistor  to  lengthen  the  time  that  the 
capacitor  is,  discharging  its  load.    This  serves  to  smooth  out  the  waveform  by  filling 
in  its  valleys.  • 

%  REGULATORS 

Regulators  help  to  supply  the  system  with  a  constant  current.    The  current  may  rise  or 
fall  for  some  reason.    The  regulator  balances  these  surges  and  drops.    Two  types  of 
egufators  will  be  discussed  in  this  package. 
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y Zener  diodes'  can  be  used  to  assure  a  regulated  supply  of  current.    The  Zeners  can  be. 
bought  by.vdltage  ratings.^  They  will  only  allow  that'rated  amount  to  /.low  through. 
The  Zener  regulator  is  sometimes  called  the  shunt  regulator  because  it  is  wired  in 
parallel  with  the  load.       '  „  . 


Zener  maintans  3V 
output  regardless 
of  voltage- change. 


eries  regulators  use  a  Zener  diode  and  a  transistor  to  regelate  the  DC  supply, 
diagram  of  a  series  regulator  is  shown  below. 


The  Op-amp  is  used  as  af  regulator.  The  Op-amp  is  a  type  of  integrated  circuit. 
This  diagram  shows  the  Op-amp  as  a  voltage  regulator. 
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VOLTAGE  DIVIDERS  ,  '• 

A  voltage  divider  is  utilized  when  more  than' one  voltage  is  ,required.vflt  the  load,  the 
addition  of  a  voltage' divider  allows  more  than  one  circuit  to  operate  from  one  power  .. 
supply  at  different  voltages.  .The  voltage  divider  uses  a  series  of  resistors  and  pulls 
current  from  different  points  in  the  circuit.    Perhaps  the  diagram  below  will  explain 
how  a  voltage  d-ivider  functions. 


O.C 


Z$  v 


2  V 


8  v 


UNINTERRUPTABLE  POWER  SUPPLY  (UPS) 


Some  systems  cannot  afford  to  be  interrupted.    If  interrupted,  the  system  may  lose 
information  or  fail  to  function  at  the  time  it  should.    Special  backup  power  supply  is 
bu.il t  in.    In  case  the  regular  power  supply  fails,  the  backup  takes  over  the  work  at 
once.    A  system  with  this  type  of  backup  -is . called  an  uninterruptable  power  supply. 
UPS  systems  arje  composed  of  three  basic  parts:    1)    a  rectifier  that  also  serves  as  a 
battery  charger',  2) -a  battery  and;  3)  an  inverter. 

Synchronizing  Circuit  % 


Rectifier 


Battery 


T 
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Information 


* 


In  tfie  circuit  shown  on  the  previous  page,  the  battery  will  remain  charged  by' the 
rectifier.    It  will  take  over  as  a  power  supply* whenever  the  AC  source  ,fa1 Is.  -The  . 
inverter  is  synchronized  with  the  AC  input.    The  backup  supply  can  take  over  without 
interruptions.    UPS  systems  are  charging  systems.    They  require  batteries  that  can*be 
recharged.  .  > 

REGULATED  VS  NON-REGULATED  POWER  SUPPLY 

A  regulated  power  supply  is  one  that  delivers  a  constant  current  to  the  circuit.  Many 

circuits  are  sensitive  tq  changes  in  voltage.  The  circuit  tends  to  rise  and  fa  1*1  with 

voltage  changes.    A  voltage  regulator  smooths  out  these  rises  and  falls  in  current. 

A  basic  regulator  uses  a  variable  resistance  and  load  resistance  to  keep  a  constant 
voltage. 


* 

I 

• 

PC 

The  series  regulator  uses  a  transistor  and  a  Zener  diode  to  regulate  voltage. 


of 
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Inforrtiation 


I- 


A  Zeneri  dtode  regulator  is  called  a  "shunt  regulator".  It  is  connected  in  series 
with  the  load,  '  - 


Unregulated 
DC 


Queries 


Batteries,  are  widely  used  as  a  backup  power  supply  for  security  alarm  systems. 
Batteries  can  be  a  chargeable  type  or  non-chargeable  type.    The  battery  systems  can 
be  used  to  supply  a  system  with  .DC  electricity  or  serve  as  a  backup  for  AC  supply 
systems.    The  types  of  batteries  used  in  supply  systems  will  be  discussed  in  detail 
in  another  package. 


-f — r- 
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« 

Assignment 


wm 


Study  the  diagrams  in  Fundamentals  of  Electronics.  Pages  56-78. 
Complete  job  sheet- 

Complete  self  assessment  and  check* answers. 

Complete  post. test  and  have  instructor  check  answers.' 

s  - 

)  ■ 
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Job  Sheet 


< 


Conduct  the  multi-purpose  power  supply  as  shown. 


pi' 


mjjlh-  p.u.rpose.  Power  supply 
Tl  „    Dl.  •  Ql  ' 


PARTS,  LIST 

CI  -  2000  to  3000uF  Capacitor 

C2- -  100  to  500uF  Capacitor 

Dl,  D2  -  1N4003  Diode 

PI  -AC  Line  Cord  - 

P2  ■#  2  Screw  Terminal 

Ql      2N30$5  Transistor 

HI.  R3      IK  Reaistor 

R2  -  10K  Potentiometer  ' 

SI  -  SPST  Slide  Switch  ' 

Tl  -  117  to  24V.C/T-@.  5Amp. 


TYPICAL  OPERATING  DATA  ' 

) 

at  12  volts  you  can  draw  up  to  100  ma. 
at  9  volts  you  can  dra>v  up  to  250  ma. 
at  6  volts  you  ctn  draw'  up  to  300  ma. 
at  3  volts  you  can  draw  up  to  400  ma. 
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/ 


1.    Correct  the' fol Towi ng  diagram  of  a  power  supply  by  placing -steps  in  order. 


Regulator 


Voltage 
Divider 


icti  f  ier 


2.    This  is  a 


transformer. 


3.  '   A  type  of  integrated  circuit  called 

voltage  regulator..  . 

4.  A  Zener  diode  is  used  to 


w3.    A  choke  input  filter  uses  f 
devices.  ■*  ' 


and. 


AC'  Input 


Filter 


is  sometimes  used  as  a 


in  a  power  supply. 


as  filtering 


6.    Which  type  of  filter  utilizes  a  resistdr  to  lengthen  the  time  ftfr  the  capacitor 
to  dump  its  load? 


7.    Shunt  regulator  is  another  name  for  the 


8.    What  is  the  function  of  a  rectifier  circuit? 


V 


9.    What  is  the  function  of  a  filter  circuit/ 


10.    A  fullwave  bridge 


has  a  higher  voltage  output  than  the  half-wave, 


"'•V 
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Self  Assessment 
Answers 


1. 


AC  Input 


Rectifier 


•  Filter 


2. 

4. 
5. 

7. 
8. 
9. 
10. 


Step-up 
Op-amps 

Regulate  voltage 
Inductors  and  capacitors 
Resistance-capacitance  filter 
Zener ^regulator 

Converts  AC  waveform  into  pulsating  DC  waveform 
Converts  pulsating  DC  into  smooth  DC 
Rectifier  .  .  • 


/ 


Voltage 
Regulator 


Voltage 
Divider, 


INSTRUCTIONAL  LEARNING  SYSTEMS. 


Diagrajn  t hp  process  for  converting  AC  into  a  DC  power'  supply. 


List  two  types  of  transformers  used  in  a  power  supply. 

Is  the  voltage  increased  or  decreased  in  the  transformer  shown  below? 


 3      ^  ' 


List  three  types  of  rectifier  circuits 


What  is  the  purpose  of  a  rectifier  circuit? 


List  three  commonly  used. filters? 


What  is  the  purpose  of  a  filter  circuit? 


What  is  the  purpose-  of  a  regulator? 


List  two  types  of  regulators. 


What  is  the  purpose  of  a  voltage  divider? 
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Instructor 

Post  Assessment  Answers 


1: 


AC  I-nput  Rectifier 


2. 
3. 
4. 
5. 


—\     Filter        f-'  Regulator 


Voltage 
Divider 


b)  Step-down 


7. 
8. 
9. 


a)  •  Step-up 
Decreased 

a)    Half-wave  4        b)    Full-wave.        c)    Fullwave  bridge 

Converts  AC  waveforms  into  pulsating  DC  waveforms.  .  , 

* 

a)    Capacitive  filter      b)    Choke  input  filter     c)  Capacitive  input  filter 

4  Resistance-capacitance  filter 

Converts  pulsating  DC  intt>  smooth  DC  waveforms.  (  . 

Supplies  system  with  constant  voltage. 

a)    Zener  diodes         b)    Series  regulators        c)  Op-amps 


r 

10.    Splits  current  into  two  or  more  voltage  levels. 


'4 
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References 


Malcolm,  Douglas  R. ,  Jr.    Fundamental $  of  ElectrUlcs .    Breton  Publishers.  • 
North  Scituate,  Massachusetts.    1983.'  • 
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4.2 


CHARGING  CIRCUITS 


Goal: 


The  apprentice  will  be  able  to 
describe  charging  circuits. 


ERIC 


V 


Performance  Indicators: 


1.  Describe  silicon  controlled 
rectifiers. 

2.  "   Describe  inverters. 

3.  Describe  unlnterruptable  power 
supply. 


INSTRUCTIONAL  LEARNING  SYSTEMS 


•Study  Guide 


•  Read  the  goal  and  performance  indicators  for  this  package  to  determine  what 
you  are  expected  to  learn  from  this  package. 

•  Read  the  vocabulary  list  of  new  terms  to  be  introduced. 

•  Study  the  introduction  and  information  sheets.  * 

•  Complete  self  assessment  and  check  answers. 

•  Complete  post  assessment  and  have  instructor  score  the  answers. 
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Vocabulary 


•  Center  tapped  transformer 

•  Diodes 

•  Full  wave  rectifier 

•  Full  wave  'bridge  rectifier 

•  Inverter 

•  Rectifier 

•  Silicon  controlled  rectifier 

•  Static  UPS  system 

•  Synchronizing  circuit  "* 

•  Uninterruptable  power  supply 


I: 


3 
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T 


Introduction 


Charging    circuits    are    needed  in  alarm  equipment  to  assure    that    the  system 
remains  armed  during  power  outages.      The  most  commonly  used  charging  circuit  is 
the  uninterruptable  power  supply  (UPS). 

The      uninterruptable      power    supply    is    made    of  ;  semiconductors      such  as 
silicon  controlled  rectifiers    and  diodes.      The  actual  charging  of  the  battery 
is  by  trickling  of  electricity  from  the  rectifier  as  it  converts  AC  power  into 
a  DC  form. 

.< 
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i 
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• 

ll 

4* 

i^f Arm  ^'hi/^it 

A 

II 

riior fiieiiion  , 

Many  computers  and  process  controllers  utilize  an  uninterruptable  power  supply  or 
UPS    to  safeguard  the  machine  against  abrupt  changes  in  the  power  supply.    A  UPS 
system    is  recommended  for  both  safety  and  economic  reasons./    A    typical  UPS 
system  is  the  static  UPS  system.    The  static  UPS  system  has  three  major  parts: 


1.    A  combination  rectifier  and  frattery  charger 

21    A  battery 

3.    An  inverter       \*  % 


\ 


The  AC  supply  comes  through  the  rectifier  which  converts  the  alternating  current 
to  direct  current.  The  inverter  converts  the  DC  current  back  to  a  closely 
regulated  AC  for  the  load.  If  there  are  power  outages  or  fluctuations,  the 
battery  will  pick  up  the  load  automatically.  The  battery  charge  is  maintained 
by  the  rectifier  and  recharged  by  the  rectifier;  after  a  power  outage.  A  diagram 
of  a  static  UPS  is  shown. 


i  *  


AC 


% 

 1  «*  — — 

9 

I  Battery 
L  


+T~  Su/itch  , 
i       AC  loaJ 

Manual 


The  synchfonjainR  circuit  locks  the  inverter  output  into  the  AC  supply.  This 
allows  exact  timing  for  the  critical  load  and  allows  the  UPS  to  be  remov|^  from 
service  by  the  manual  switch.  If  the  critical  load  is  more  than  can  be 
delivered  by  the  UPS,  it  is  transferred  back  to  the  AC  supply  by  the  static 
switch. 


* 
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Information 


A  rectifier  is  a  device  for  changing  alternating  current  to  pulses  of  direct 
current.    A  half-wave  rectifier  produces  a  waveshape  like  t;his: 


A    full-wave  rectifier  utilizes  two  diodes  and  a  centertapped  transformer  to 
give  th6  following  waveshape.     jy^-N,^  ^s* — ^  #  ^ 

Another    type    of  rectifier  is  the  full-wave  bridge  rectifier    which  produces 
twice  the  voltage  output  of  a  full-wave  rectifier.      All  of  these  rectifiers  are 
khown    as    silicon  rectifiers  because  they  ere  made  of  diodes  which  are    of  the 
semiconductor    family.      A  semiconductor  is  made  of  silicon  doped  with  N  or  P  to 
give    it  semiconduction  properties}.      A  single-phase  full^wave  bridge    rectifier  ' 
circuit  is  shown  below: 

a 


/ 


An  inverter  is  used  to  change  DC  power  to  AC  power.  The  inverter  is  a  solid 
state  device.  It  is  usually  made  from  two  silicon  controlled  rectifiers  (SCR1^) 
and  a  center  tapped  transformer. 

SCR 


ERLC 


416 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Information 


The    baVtery  supplies  DC  current  when  the  AC  supply  is  cut  off.     The  battery  is 

maintained    in    full    charge    by  a  "trickle  current"  that  is    provided    by  the 

rectifier.  The  rectifier  converts  AC  to  DC  and  the  charging  current  is^ 
delivered  after  the  conversion.  * 
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Assignment 


Complete  self-assessment  and  check  answers. 

Complete  post-assessment  and  ask  instructor  to  check  answers. 


\ 
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Self 

Assessment 


Match  the  following  terms  and  phrases. 


1.   1 Silicon  controlled  rectifiers 


A.    Type  of  uninterruptable  power  supply 


2.  Inverter 

3.  Static  system 

A.  Synchronizing  circuit 

5>  Full-wave  rectifier 


B*  Lqcks  inverter  output  to  AC  supply, 
G:    Changes  AC  to  DC 

D.  Uses  two  diodes  and  a  center  tapped 
transformer 

E.  Changes  DC  to  AC 
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Self  Assessment 
Answers 


B 


3. 
A. 


4 


D 


5.' 


V, 
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Post 

Assessment 


1.    List  three  parts  of  an  uninterruptable  power  supply. 


2.    What  is  a  semiconductor  made  fiXMn?  ^ 


3.    What  is  the  function  of  a  rectifier  in  a  UPS  circuit? 


A. 
5. 


What  is  the  fucntion  of  an  inverter^n  a  UPS  circuit? 
Which  device  charges  and  recharges  the  battery? 


•v. 
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Instructor 
Cost  Assessment 


Answers 


1.  Combination  rectifier  and  battery  charger,  battery,  inverter, 

2. ^  Silicon  doped  with  Nnand  P  materials. 

3.  Changes  AC  to  DC  current. 
A.  Changes  DC  to  AC  current. 
5.  Rectifier  *  ■ 
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Supplementary 
References 


Electric  Circuits  and  Machines.  Sixth  Edition.  Lister,  Eugene, 
McGraw-Hill  Book  Company.*  New  York.    1984.        *  \ 


4.3 


SELECTING  THE  PROPEfiOTZE  OF  POWER  SUPPLY 


Goal: 

*.                .                        r  * 

4 

/  ' 

Performance  Indicators: 

The  apprentice  will  be  able  to 
describe  the  selection  of  a  power 
'      supply  to  handle  a  system  load* 

.  1.    Identify  detection  systems  that  are 
heavy  and  light  users  of  power. 

2.    Describe  factors  that  affect,  power 

use.  , 

♦ 

> 

ilk' 

3.    Describe  factors  that  influence  the  ! 
size  of  power  supply  needed.  i 

*  * 

w  ■  •  . 

1 

f  » 
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i 


Study  Guicte 


•  Read  the  goal^and  performance  Indicators  for  the  *ckal(e. 

•  Read  vocabulary  list. 

•  Study  the  introduction  and  information  sheets. 
Complete  the  job  sheets. 

•  Complete  the  self  assessmej^  and  check  answers. 

•  Complete  the  (fost  assessment  and  ask  instructor  to  check  answers 
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Vocabulary 


t  Low  voltage  plug-in  transformers 

•  Power  pack 

•  ReTay  operated  systems 

•  Solid  state  control sv 

•  Stand-by  power 

•  Volt-amp  rating 
^  Voltage  drop 

•  Wire  runs 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Introduction 


Each  new  alarm  system  will  require  the  installer  to  make  a  decision  on  powersupply. 
The  power  supply  requirement  differs  with  the  detection  systems  that  are  fcfeTrig 
installed. 

Installers  must  know  the  factors  that  influence  power  supply.    They  must  know  how 
to  read  $he  manufacturers  specifications  for  power  supplies.    Then,  for  each 
situation,  thefinstaller  must  determine  the  system  load  and  select  a  power  supply 
to  handle  1t.  - 

i 


> 
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Information 


\      .  •  • 

The  requirements  for  a  power  supply  will  depend  on  the  nature  of  the  load.*  It  will 
.vary  widely.    Some  types  of  detectors  are  heavy  users  of  power.    The  heavy  power 
users  include: 

-  Motion  detectors 

-  LED  indicators' 

-  Incandescent  bulbs 

Solid  state  controls  use  very  little  current  and  the  batteries  will  last  for  most 
'of  their  normal  shelf  life.    Simple  relay-operated  systems  are  also  low  power 
users. 

Power  supplies  for  alarm  systems  use  a  low- voltage  plug  in  transformers.  The 
voltage  used  in  alarm  systems  are  6,  12,  16,  .  and  24.    The  manufacturer's 
recommendations  should  be  followed  in  selecting  the  proper  transformer.    If  the 
transformer  voltage  is  too  low,  the  batteries  will  be  undercharged.  Transformers 
with  too  high  voltage  will  damage  the  batteries  by  overcharging.- 
<* 

The  volt-amp  rating  of  the  transformer  must  be  enough  to  power  the  alarm  system, 
and  recharge  the  battery.  The  volt-amp  ratings  for  alarm  systems  are  5,  10,  20, 
40  and  50  volt-amps.  ' 

Voltage  drop  should  he  considered  when  selecting  a  power  supply.    If  the  wire 
runs  between  the  transformer  and  detectors  are  too  long  or  the  wire  is  too  small, 
voltage  drop  will  be  a  problem.    For  long  runs,  heavier  wire  should  be  used. 
A  higher  volt-amp  rated  transformer  may  be  used  to  correct  for  voltage  drop, 
must  be  of  the  same  voltage  as  a  smaller  transformer. 


It 


Most  power  supplies  operate  from  115  volt/60  cycle  utility  power.    There  is 
variation  in  line  voltages  that  can  cause  detectors  some  problems.    The  detectors 
minimum  and  maximum  operating  voltages  should  be  considered  when  selecting  a 
power  supply.  .         ■•  -s 

Some  equipment  use  only  batteries  as  a  source  of  power,    fhesf  systems^an  be 
converted  to  AC  power  by  the  use  of  a  power  pack.    Some  power  packs  use  dry  cell 
batteries  for  stand-by  power.    Others  use  a  charging  current  and  a  rechargeable  « 
battery  for  back-up.    Some  of  these  systems  have  limited  capacity.    The  battery 
operating  time  should  be  considered  in  selecting  a  power  supply  for  a  system  fc 
load.  * 


9 
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Information 


The  proper  size  power  supply  will  depend  on  the  system  load, 
determined  by: 


It  will  be* 


-  The  number  of  devices  being  operated  from 'the  power  supply. 

-  The  amperage  requirements  of  the  individual  devices.. 

-  The  amount  of  voltage  drop  as  determined  by  lengths,  of  run  and  size  of 
wire. 

-  The  performance  of  the  transformer  in  delivery  of  power  to  the  secondary 
circuit.  p% 

-  Battery  stand-by  capacity. 

The'inanufacturers  recommendations  should  be  followed  in  the  purchase. of  a  power 
supply.    Supply  catalogs  give  detailed  information  on  ratings  of  transformers 
and  batteries  in  powgr  supply  units.    An  example  of  manufacturers  information  is 
shown  below. 


PS  SERIES 


PS  SERIES  POWER  SUPPLIES  * 
PS' 1204:  12  VDC,  4  a.h.,  600  m.a.  continuous 
PS-604:  6  VDC,  4  a.h.,  600  m.a.  continuous 
PS-608:'6  VDC,  8  a.h.,  600  m.a.  continuous 


TECHNICAL  SPECIFICATIONS 

PS- 1204 

PS-604 

PS-608 

Full  Charge  D.C.  Voltage 

13.8  Volts 

6.9  Volts 

6.9  Volts 

Maximum  Continuous  Current  Output*  . 

600  m.a. 

800  m.a. 

800  m.a. 

Maximum  Full  Load  Current  t 

5  Amps 

5  Amps 

5  Amps 

Battery  Interrupt  Current  (resetting  circuit  breaker) 

B  Amps 

8  Amps 

8  Amps 

Protective  Loop  Current  Output 

10  m.a. 

10  m.a. 

10  m.a. 

Voltage  Drop  at  Maximum  Continuous  Current 

0.3% 

0.3% 

0.3% 

Battery  Ampere  Hour  Rating 

4  a.h. 

4  a.h. 

8  a.h. 

Recharging  Time  at  No  Load  (from  deep  discharge)!  1 

8.5  Hours 

7.5  Hours 

15  Hours 

Recharging  Time  at  M.C.C.  (from  deep  discharge^  ) 

64  Hours 

64  Hours 

128  Hours 

Maximum  A.C.  Input  •  RMS 

18  Volts 

12  Volts 

12  Volts 

Transformer  Supplied,  U/L,  Grass  2,  Plug-In 

16V,  .7A 

12V,  ,9A 

12V,  .9A 

Battery  stand-by  capacity  must  be  selected  according  to  expected  power,  outages 
A  charging  circuit  may  be  needed  to  operate  through  long  outages. 
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Assignment 


•  Read  pages  177-181  in  supplementary  reference  —  Unde 
Alarm  Systems. 

•  Complete  job  sheet. 

•  ■ 

•  Complete  self  assessment.  * 

•  Complete  post  assessment.  * 
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Job  Sheet 


CALCULATE  POWER  ijPPLY  NEEDED 

•  Obtain  a  supply  catalog  of  detector  systems. and  equipment. 

•  Identify  equipment  needed  to  set  up  a  pulsed  infrared  photoelectric  system  stacked 
as  follows:  .  ... 


The  system  will  be  designed  to  give  protection  to  a  courtyard  entrance  that  is  « 
20'  wide. 

Study  the  specifications  on  infrared  transmitters  and  receivers  and  their  power 
requirements.        '  .  •        '      .  * 

Select  a  power  supply  to  operate  the  system. 

Explain  why  this  power  supply  was  selected. 


0  > 


9 

ERIC 


431 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Self 

Assessment 


1.    List  two  detector  devices  that  are  heavy  users  of  power 


2.  List  tw^  detector  devices  that  are  light  .users  of  power. 

* 

3.  If- the  wire  runs  are  too  long  or  the  wire  size  is  too  small,  the  system  mav 
suffer  from  ■    .        ;  J 

* 

.4.    Battery  powered  equipment  may  be  converted  to  AC  line  power  by  the  use  of  a 


5. 


Batteries  that  operate  the  system  during  AC  power  outages  are  called 
'  batteries. 


i 
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Self  Assessment 
Answers 


p 


1.  Motion  detectors,  LED  indicators,  incandescent  bulbis 

2.  Solid  state  controls,  relay  operated  systems 

3.  Voltage  drop 

4.  Power  pack 


5.  Standby 


9 

ERIC 


\- — ^  _ 

433 


1.    What  causes  voltage  drop? 


2.    How  can  battery  operated  power  supplies  be  converted  to  AC  line  power?. 


j 


3'  - V system?6  faCt°rS  that  WlU  influence  the  size  of  power  supply  peeded  for 


4.    Are  solid  state  controls  heavy  users  of  power? 


5.    How  can  voltage  drop  be  reduced? 


I 
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^Instructor 

Post  Assessment  Answers 


1.    Wire  runs  too  long. 
Wire  size  too  small . 


2.    With  Vji°wer  pack. 


3.  Number  of  devices  on  circuit,  amperage  requirements  of  devices 
of  the  transformer,  veltage  drop,  battery  stand-by  capacity. 

4.  No  . 


5.    Use  heavier  wire. 

Use  a  higher  rated  transformer. 


INDIVIDUALIZED  LEARNING  SYSTEMS 
■   


Supplementary 
References 


•  Trimmer,  H.  William.    Understanding  and  Servicing  Alarm  Systems, 
Publishers.  -Boston.    1981 .  " 


Butterworth 


\ 
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FUSE  AND  CIRCUIT  BREAKER  PROTECTION 


Goal: 

PerfQrmance  Indicators: 

• 

The  apprentice  will  be  able  to 
describe  fuse  protection  of  solid 
state  power  supply  systems. 

It    Describe  purpose  of  fuses  and  circuit 
breakers* 

2,  Calculate  fpse  size  needed  for 
circuit  protection, 

3,  Describe  makeup  of  a  fuse, 

4,  Describe* types  of  circuit  breakers, 

V 

• 

4 

\ 

% 

o  -  :  . — ^  
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btudy  buidG 

•  Read  the  goal  and  performance  indicators  to  fincj  what  can  be  learned  from  package. 

•  Read  vocabulary  list  to  becpme  acquainted  with  technical  terms  in  the  package. 
Study  introduction  and  information  sheets  to  learn  technical  content  of  package. 

•  Complete  the  job  sheet.  '. 

•  Complete  the  self  assessment  and  check  answers  with,  answer  sheets. 

•  'Complete  post  assessment  and  ask  instructor  to  check  your  answers. 
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Vocabulary 


Armature 
Coil 

Contacts 
Circuit  breaker 
Electromagnetic  coll 

Fast-acting  fuse 
Fuses 

Fuse  element 
Heat  sjiip  breaker 
Magnetic  breaker 
Magnetic  core 
Magnetic  flue 
^low-blow  fuse  (Slo-blo) 
Surge  current 
Transformerless  circuits 
Turns  ratio 


r 


INSTRUCTIONAL.  LEARNING  SYST|MS 


Introduction 


The  power  supply  must  be  protected  from  overheating  by  the  circuit  load.  Heating  can 
cause  permanent  damage  to  the  power  supply. 

Fuses  are  utilized  to  give  circuit  protection.  When  an  overload  exists,  the  fuse* 
element  wtll  melt.  Melting  of  the  fuse  el.ement  opens  the  circuit  and  the  power  is 
cut  off. 


N  « 
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INSTRUCTIONAL  LEARNING  SYSTEMS 


Information 


-* 

Fuses  and  circuit  breakers  protect  power  systems  from  "overheating"  and  "burning  out". 
Sometimes  the  electrical  system  places  overly  heavy  demands  on  the  power  supply".  This 
causes  the  transformer  to  overheat  and  become  damaged.    Fuses  and  circuit  breakers  are 

also  used  in  transformerless  circuits. 

-       .      .   ^  .  ♦ 

The  schematic  symbol  of  a  fuse  or  circuit  breaker  is  f\J  .  The  following  schematic 
shows  a  fuse  being  used  to  protect  a  transformer. 


X 
1 


A  transformerless  circuit- would  be  fused  to  protect  the  power  supply  from  current  overloads 
the  following  schematic  shows  a  fuse  in  a  transformerless  circuit. 


*0 
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INSTRUCTIONAL  LEARNING  SYSTEMS 


■  v. 

Information 


FUSE" SIZE 

Fuses  for  power  supplies^  rated  by  the  amperage  that  they  will  handle  without  blowing 
out.    The  sizes  are  rfrted  1n  amperes.    Power  supply  fus*s  have  a  common  range  of  .5  to 

If  we  wish  to  calculate  the. size  of  fuse  to  use  In  a  circuit,  we  must  determine: 

1.  The  secondary  current. 

2.  The<turns  ratio  of  the  transformer. 

3.  And,  finally,  the  primary  current. 

•f  example,  a  detection  system  transformer  develops  30  volts  at  the  secondary.  The 
ansformer  is  connected  to  a  system  that  has  30  ohms  of  resistance.  ■ 

The  fuse  size  should  be  calculated  as  follows:  *  } 

Step  1:    Calculate  secondary  current. 

The  secondary  voltage  is  30  and  the  resistance  is  30.    Using  Ohm's  Law 
(Current  =  Voltage     1    substitution  will  be:    Current  Oo  or  I  =  1  amp. 
•Resistance  30 


Step  2:    Calculate  turns  ratio  of  transformer. 

* 

The  primary  voltage  is  120  and  the  secondary  voltage  is  30.  Using  the 
formula:    Turns  ration  *  Primary  voltage   the  substitution  will  be: 

Secondary  voltage 

Turns  ration  =120   =  4 

♦"To 

Step  3:    Calculate  the  current  at  the  primary. 

We  know  that  I  is  1  at  the  secondary  and  that  the  turns  ratio  is  4 
Use  the  formula:    Current  at  Primary  ■  Current  at  secondary 

Turns  Ratio 


t 


■  N 


s     After  substitution  1^,  *  |. 
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INSTRUCTIONAL  LEARNING  SYSTEMS 


Information 


A  fuse  of  .25  amp  size  would  be  needed  to  protect  the  power  supply  in  the  example. 
TYPES  OF  FUSES 


A  "surge 


the 


current  will  develop  when  a  system  is  turned  on:    After  the  "surge"  passes, 
current  returns  to  a  normal  condition.    A  fast-acting  fuse  will  "blow  out"  during 


a  surge  current.  A  slow-blow  (slo-blo).  fuse  should  be  used  to  allow  short  periods. of 
overload.    A  circuit  breaker  acts  as  a  slow-blow  fuse. 


FUSE  MAKEUP 


thin 


A  fuse  is  made  of  two  metal  ends  that  are  separated  by  a  thin  strip  of  metal.  The- 
strip  is  usually  made  of  zinc  and  is  called  the  fuse  element.    These  zinc  strips 
are  of  a  size  that  will  melt  at  a  rated  amperage"    For  example,  a  1  A  fuse  will  melt  when 

te  current  exceeds  1  A  for  a  period  of  time.    A  fast-acting  fuse  will  blow  immediately 
en  overloaded.    The  slow-blow  fuse  will-U^low  time  fdr  "surge  current".    If  the  over- 
load continues,  the  slow-blow  fuse  will  blow. 


This  diagram  shows  the  parts  of  a  fuse. 


CIRCUIT  BREAKERS 


A  circuit 
the  circu 
the  heat 


of  metal 
different 


breaker  is  very  much  like  a  fuse.    When  too  many  amperes  flow  in  the  circuit, 
it  breaker  turns  dff  the  current.    Two  common  types  of  circuit  breakers  are 
strip  breaker  and  the  magnetic  breaker.    A  heat  strip  breaker  uses  two  strips 
of  different  types.'  When  the  current  heats  the  metals,  they  expand  at  * 

rates.  r 

CLOSED  r\  P  P  M. 


1 


V  C<7  /, 


AC 
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Information 


A  magnetic  circuit  breaker  operates  on  an  electromagnetic  coil.  When  circuit  is  over- 
loaded, the  pull  of  the  coil  moves  the  armature  toward  the  coil. 


Ot/ic+s  open 


Catth  L— ^ 


o  ft 


OVERLOAD 


FORMAL 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Assignment 


,#  .R,e?J  Pages  197  -  202  in  Basic  Electricity  and  Electronics.    Sternberg,  William  B  and 
Walter  F.  Ford.    American  lechnical  Publishers,  Inc.    Alsip,  Illinois.  1982 

•  Complete  job  sheets. 

•  Complete  self  assessment  and  check  answers. 

•  Complete  post  assessment  and  have  instructor  check  your  answers: 
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INSTRUCTIONAL  LEARNINGs^YSTEMS 


Job  Sheet 


A  supply  catalog  advertises  a  Model  1260. regulated 


power  supply  as  follows: 


18  volt,  -40  amp 
1.5  amp  output 
metal  case  4" 


What  size  fuse  is  needed  to  protect  this  power  supply? 

Examine  a  regulated^power  supply  and  study  the  manufacturers  specifications. 

-  What  is  the  fuse  size? 

-  What,  is  the  primary  current? 

-  Is  the  fuse  actuate  for  protecting  the  transformer  of  the  power  supply? 
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*S€lf 

Assessment 


1.    An  overloaded  circuit  can  damage  the  power  supply 


2.    Draw  the  symbol  for  a  fuse. 


3.    Fuses  are  rated  by  the 


_jt}tat  can  be  handled  without  blowing. 


4. 
5. 

» 

6. 

7. 
8. 
9. 
10. 


The  turns  ratio  of  a  transformer  is  calculated  by 

The  current  at  the  primary  is  calculated  by  -  

A 


is  first  turned  on 
Two  types  of  fuses  are: 


current  is  a  higher  level  of  current  that  occurs  when  a  system 

I 


and 


Which  type  of  fuse  will  tolerate  overload  for  short  periods  without  melting? 
The  thin  mental  strip  that  melts  to  disconnect  the  circuit  is  called  a  fuse 


> 


List  two  common  types  of  circuit  breakers. 
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Self  Assessment 
Answers 


1.  Transformer 
2.. 

3.  Amperage 


4.    Primary  voltage 
Secondary  voltage 


condary  current 
Turns  ratio 


1 


6.    Surge  current 


7.    Fast  acting  and  slow^-blow 


8.  Slow-blow 


9.  Element 


10.    Heat  strip  and  magnetic 
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Post 

Assessment 


1.    What  is  the  purpose  of  fuses  and  circuit  breakers? 


2.^  How  is  fuse  size  designated? 


A 


3<    known*  f°rmUla        fi9Uring  secondary/current  when  the  voltage  and  resistance  is 


4.    Show  a  formula  for  calculating  turn/  ratio. 

L  t5ps%It™)S  ^alculatin9  Pri/^a^  cu^nt  when  the  secondary /current  and 

6.  >  Calculate:  / 

/  -  i 

A  power  supply  has  a  secondary  /Vol tage  of  20  volts  and  a  resistance  of  10  ohms 

'     the  JransTrmer?PerateS      110/VOlt  electric1*'  what  size  fuf  **  needed  to  protect 

'  •  '        /  '  / 

f 

7.  -  The  fuse,  element  is  usually  made  of  .  / 


8.^  When  does  a  "surge"  current  usually  occur? 


9.    What  type  of  fuse  is  recommended  for  circuits  with  surge  currents? 


10.  An  electromagnetic  coil,  armature  and  contacts  are  part  of  a 
,     circuit  breaker. 
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INDIVIDUALIZED  LEARNING  SYSTEMS 


Instructor 

Post  Assessment  Answers 


1.  Protect  power  supply  from  heating  and  damage  due  to  current  overload. 

2.  Amperage  that  it  will  tolerate  without  blowing. 


3.    1$  =   IE   or  secondary  current  =  Secondary  voltage 
R  resistance 


4.    N  =  E_ 
E 


or  turns  ratio 


Primary  voltage 
Secondary  Voltage 


5.    lF  -    If"  or, primary  current  =  Secondary  current 
N  Turns* ratio 


J 


u  = 

E 

R 

Is  = 

20 

10 

N  = 

E 

E 

N  = 

110 

20 

v 

U 

N 

Ip3 

2 

5.5 

Zinc 

.36  amps  (Primary  current) 


8.  When  the  circuit  is  turned  on. 

9.  Slow-blow  fuse 
4&  Magnetic 
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Supptementan, 
References 


•  Steinberg,  William  B.  and  Walter  F.  Ford.    Basic  Electricity  and  Electronics, 
American  Technical  Publishers,  Inc.\  Alsip,  Illinois.  1982. 
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4.5 


BATTERY  STANDBY  CAPACITY 


Goal: 


The  apprentice  will    be  able  to  describe 
battery  standby  capacity  needed  for 
alarm  systems. 


Performance  Indicators: 


1.  Describe  factors  affecting 

standby  capacity.     *  1 

»  i 

2.  Describe  factors~af f ecting 
operation  life  of  batteries. 


INSTRUCTIONAL  LEARNING  SYSTEMS 


•  Read  the  goal  aijd  performance  indicators  for  this  package • 

•  Read  the  vocabulary  list  for  this  package, 

•  Study  the  introduction  and  information  sheets. 

•  Complete  the-  job  sheet. 

•  Complete  the  self  assessment  and  check  answers. 
Complete  the  post  assessment  and  have  your  instructor  check  the  answers. 
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INSTRUCTIONAL  LEARNING  SYSTEMS 


Vocabulary 


•  Lead-acid  batteries 

•  Nickel-cadium  batteries 

u 

•  Power  outage 

•  Rectifier 

•  Trickle  current 


S 
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Introduction 


Most  alarm  systems  are  operated  on  115  volt/60  cycle  power.  Thife  power  is 
usually  in  the  form  of  household  electricity  provided  by  a  utility  company.  The 
power  source  is  a  good  one  and  reliable  in  most  settings.  The  one  exception  is 
the  power  outage.  When  the  power  fails,  security  systems  become  vulnerable  to 
Intrusion.  .< 

In  order  to  keep  the  system  operational  during  these  power  oytages,  a  standby 
battery  system  is  needed.  The  standby  system  will  take  over  immediately  and 
operate  the  system  for  a  few  hours.  The  problem  comes  in  trying  to  estimate  the 
length  of  a  typical  power  outage.  Battery  size  and  capacity  should  be  selected 
to  run  the  system  through  a  typical  power  outage.  This  package  discusses  some  of 
the  factors  that  influence  the  standby  capacity. 


JSTRUCTIONAL  LEARNING  SYSTEMS 


Information 


All  alarm  systems  should  have  standby  battery  capacity.  When  power  outages 
occur,  the  security  or  fire  alaro^bystem  is  left  defenseless.  Standby  batteries 
will  take  over  and  operate  the  system  until  power  is  restored. 

i 

A  standby  system  must  have  batteries  that  are  rechargeable.  Nlckel-cadium  and 
lead  acid  type  batteries  are  the  most  common  in  backup  systems.  Batter ie^  must 
be  .rqpJLacqd  periodically.  The  life  expectancy  of  a  battery  is  affected  by  many 
factors  such  as  operating  temperature,  shelf  life  and  charging  rates. 
Rechargeable  batteries  maintain  their  charge  through  a  trickle  current  provided 
by  a  rectifier .  ^ 

The  amou/t of  standby  capacity  should  be  determined  by  the  expected  length  of 
power  outage.  Some  history  of  power  outages  must  be  obtained  from  the  owners  of 
the  site.  If  the  longest  power  outage  was  3  hours,  a  standby  should  have  the 
capacity  for  A  hours  of  operation.  The  standby  capacity  is  determined  by  common 
sense  judgments  based  on  typical  power  outages* 

Most  batteries  have  an  operating  time  of  4-6  hours  at  room  temperature.  When 
temperatures  drop  to  freezing,  the  battery  operating  time  may  be  cut  in,  half. 
Temperature  should  be  considered  in  designing  a  standby  system.  Capacity  should 
be  calculated  on  the  lowest  expected  temperatures.  When  the  power  goes  off,  the 
heat'  may  go  off.  This  causes  temperature  drops  on  batteries  that  are  located 
inside  a  building.  High  temperatures  in  tfye  100  to  130  range  will  also 
decrease  the  operating  life  of  a  battery.  Batteries  should  not  be  located  in 
hot  places  such  as  near  furnaces'* 

Some  detectors^  require  more  standby  power  than  others.  Motion  detectors  and 
light  emitting  diodes  are  heavy  4>ower  users.  Remote  control  stations  add  to  the 
power  requirement.  When  computing  the  standby  requirements,  one  must  consider 
the  type  of  detectors  on  the  system* 

larger  batteries  may  be  selected  to  compensate  for  temperature  drops  and 
additional  load.  Oqe  large  battery  may  be  located  in  the  control  and  used  to 
power  all  detection  equipment .  Or  the  technician  may  choose  to  u3e  smaller 
batteries  in  individual  units.  The  problems  of  battery  replacement  are 
minimized  by  the  \ise  of  one  large  battery. 

Batteries  must  be  tested  from  time  to  time  to  determine  if  t\hy  still  have  the 
capacity  for  electrical  storage.  Aged  batteries  tend  to  lose  their  capacity. 
Batteries  should  be  replaced  after  they  have  lost  half  of  their  capacity.  A 
system  is  not  reliable  when  operated  oft  aged  batteries. 

4-  1 
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Information 


Many,  fire  detection  systems^  operate  entirely  on  battery  power.  Home  smoke 
detectors  are  self-contained  units.  They  use  tiny  amounts  of  electricity  but 
must  be  replaced  periodically  due  to  aging  of  the  battery. 
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Assignment 


•  Read  pages  64-64  in  supplementary  reference. 

•  Complete  job  sheet. 

•  Complete  self  assessment  and  check  answers. 

•  Complete  post  assessment  and  have  instructor  check  answers. 
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T 


Job  Sheet 


SELECT  STANDBY'  BATTERY  SYSTEM 

•  Obtain  supply  catalog  for  security  alarm  systems. 

•  Select  a  standby  system  for  a  system  that  uses  motion  detectors.    The  longest 
power  outage  recorded  was  3  hours. 

•  Identify:  -  ^ 

-  Will  system  use  one  large  battery  or  several  small  batteries? 

-  What  type  of  batteries  will  be  used?  <• 

-  How  many  tfburs  of  standby  will  system  provide? 

-  What  will  be  the  temperature  extremes? 

•  Why  did  you  select  t>he  proposed  system?      List  reasons. 


/ 
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Self 

Assessment 


1.    What  is  standby  capacity  based  on? 


2.    List  two  common  types  of  rechargeable  batteries. 


\ 


3.    List  two  factors  that  affects  the  operating  life  of  a  battery 


A.    A  trickle  charge  is  usually  provided  by  a 


5.    Xist  two  devices  that  are  considered  to  be  heavy  power  users, 
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#Self  Assessment 

w 

Answers 

1  M 

1,    The  length  of  a  typical  power  outage 


2.    Nicads,  lead  acid 


3.  Temperature,  shelf  life,  charging  rates 

4.  Rectifier  ■• 


5,    Motion  detectors,  light  emitting  diodes 


INSTRUCTIONAL  LEARNING  SVSTEMS 


Assessment 


1.    Most  standby  batteries  have  an,  operating  time  of 


hours . 


2.    A    temperature    drop    from  room  temperature  to  freezing    will    cut  battery 
operating  time  by  one  '    . 


3.    Wh^t  is  the  effect  of  high  temperatures  (130  )  on  battery  operating  life? 


A.    Batteries  should  be  replaced  when  they  lose 
capacity. 


of  their 


5.    List  two  types  of  rechargeable  batteries  that  are  common  In  standby  systems." 


\ 
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Instructor 
Vost  Assessment 
Answers 


1. '  4  ^  6  hours 


2.  HaXf 


3.  Decreases  operating  life 

4.  One-half . 


5.    Lead  acid,  nickel -cadlum 


4 
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Supplementary 
References 


Barnard,  Robert  L.  Intrusion  Detection  Systems.  Butterworth  Publishers. 
Boston.    1981.  .  •  . 
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BATTERIES 


Goal: 


The  apprentice  will  be  able  to 
describe  types  and  .characteristics 
of  primary  and  secondary  cell 
batteries* 


Performance  Indicators: 


lv  Describe  primary  $nd  secondary  cells* 

2.  Describe  electrodes  and  electrolyte 
parts  of  a  battery. 

3.  Describe  types  and  chemical  makeups  of 
electrical  cells. 

4.  Describe  series  and  parallel  battery 
t  circuits. 

5.  Calculate  voltage  and  amperage  for, 
series  and  parallel  circuits. 

6.  Describe  battery  specifications  and 
where  to  find  them. 


INSTRUCTIONAL  LEARNING  SYSTEM^ 


• 

J 

Study  Guide 

i  • 

•  Read  goal  and  performance  indicators  to  determine  what  should  be  learned  from 
package,  • 

•  Read  the  information  sheets. 

4 

•   Complete  the  job  srfeet. 

•  Study  reading  assignment  in  reference  for  further  understanding  of  material. 
Complete  self  assessment  and  check  answers. 

•  Complete  post  assessment  and  have  instructor  check  answers. 
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Alkaline-manganese  cell 
Ampere-hours 
Carbon-Zinc. cell 
Electrode 
Electrolyte 
Lead-acid  cell 
Leclanche  cell 
Mercuric  oxide  cell 
Nickel-cadmium  cell 
Parallel  circuit 
Plates 

Primary  cell 
Secondary  cell « 
Series  circuit 
Silver  oxide  cell 
Specific  gravity 
Storage  battery  „' 
Zinc  chloride  cell 


J 


/ 

» 

V 
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Introduction 


Many  portable  devices  are  totally  operated  by  battery  power. 

Power  supply  systems  are  dependent  on  batteries  for  standby  protection.  A  security 
alarm  installer  must  make  wise  selections  ov  batteries  to  include  in  ^system.  Such 
choices- determine  whether  a  system  works  or  fails. 

The  installer  should  be  familiar  with  many  types* Qf  batteries  arid  what  makes  them 
function.    They  must  also  know  how  to  link  batteries  together  in  parallel  and  series 
circuits  to  get  the  desired  voltage  and  amperage  for  a  system. 

Specifications  provide  information  for  making  good  choices  in  buying  batteries.  The 
installer  must  know  how  to  read  and  interpret  specifications  on  the  batteries  and  -in 
supply  catalogs. 
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Information 


Batteries  can  be  bought  in  many  sizes,  shapes  and  voltage  ratings.    Some  batteries 
are  rechargeable  and  can  be  used  over  and  over.    Other  batteries  such  as  the  dry 
cell  are  not  rechargeable  and  must  be  thrown  away  when  their  current  is  drained. 
A  cell  that  cannot  be  recharged  is  called  a  primary  cell .    One  that  can  be  recharged 
is  called  a  secondary  eel  1 .    Electric  cells -change  chemital  energy  into  electrical 


energy.    Several  cells  are  connected  together  to  make  batteries. 


\ 


Electric  cells  are  made  up  of  flip  types  of  metal  conductors  and  a  conducting  liquid. 
The  metal  conductors  are  cal led  plates  or  electrodes  and  the  liquid  is  called  the 
electrolyte.  •  •  ' 

When  the  two  electrodes  are  connected,  the^current  will  flow  from  one  to  the 
other  and  complete  its  circuit  through  the  electrolyte. 


J   PRIMARY  CELLS 


DRY  CELL  BATTERIES 


I 

The  type  is 


Dry  cells  cannot  be  recharged.    They  are  found  in  four  basic  types, 
determined/  by  the  materials  used  to  make  them. 

*  Carbon-.zinc  cells 

r. 

*  Alkaline  cells 

*  Mercuric  oxide  cell 

*  Silver  oxide  cell 
CARBON  ZINC  CELLS  . 

The  carbon  zinc  cell  is  sold- in  two  types.  The  Leclanche  cell  is  1.5  volt  and 
is  used  in  flashlights  and  other  light  drain  devices. 

The  Leclanche  cell  uses  zinc  chloride  and  ammonium  chloride  as  an  electrolyte. 
The  second  type  is  called  a*  zinc  chloride  cell  and  does  not  include  ammonium 
chloride  in  its  electrolyte.    It  is  also  recommended  for  light  use. 
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Information 


ALKALINE  CELL 

The  alkaline  manganese  cell  uses  electrodes  of  zinc  (-)  and  manganese  dioxide  (+) 
and  potassium  hydroxide  as  an  electrolyte.    This  cell  will  supply  heavy  drain 
devices  such  as  cassette  recorders  and  portable  radios.    The  alkaline  provides  an 
open-circuit  voltage  of  1.5  and  4ow  internal  resistance.    This  cell  contains  50 
to  100  percent  more  energy  than  a  Laclanche  ca^ll  of  the  same  size. 

MERCURIC  OXIDE  CELL 

The  mercuric  oxide  cell  uses  zinc  negative  electrodes  and  an  electrolyte  of  i 
potassium  or  sodium  hydroxide.    The  positive  electrode  is  manganese  oxide.  The 
mercuric  oxide  cell  has  an  open  circuit  voltage  of  1.35  volts.    This  cell  is  'used 
for  specific  purposes  such  as  photoelectric  devices,  watches  and  instruments. 
It  is  sold  in  either  button  or  flat  shapes  for  continuous,  drain  applications'. 


SILVER  OXIDE  CELL 


The  silver  oxide  eel  1  also  uses*1  zinc  as  a  negative/electrode  and  sodium  or 
potassium  hydroxide  for  an  electrolyte.    The  positive  electrode  is  silver  oxide. 
The  open  circuit  voltage  is  1.6.    Silver -oxide  cells  are -used  in  low  rale  devices 
with  a  continuous  current  drain. 


SECONDARY  CELLS 


Secondary  cells  are  rechargeable.    If  a  current  is  passed,  through  the         in  an 
opposite  direction  of  flow,  the  charge  will  be  restored.    Batteries  made  f reift • 
secondary  cells  are  called  storage  batteries.    The  lead-acid  cells  and  the  nickel- 
cadi  am  cells  are  the  most  common.  ,  , 

LEAD-ACID  CELL 

The  automobile  battery  is  a  good  example  of  tthe  lead-acid  cell.    A  twelve  volt 
car  battery  is  made  up  from  six  lead-acid  cells.    Each  cell  produces  2  volts. 
The  lead-actd  cell  uses  a  lead 'peroxide  for  a  positive  plate  and  sponge  lead,  for 
its  negative  plate.    Sulphuric  acid,  is  the  electrolyte  that  completes  the  circuit. 
The  amount  of  electrolyte  in  a  battery  is  determined  by  .measuring  its  specific 
gravity.    By  measuring  the  specific  gravity  of  the  electrolyte,  the  efectricaT 
charge  of  a  battery  £an  be  determined.    The  tool  for  testing  lead-add  batteries- 
is  a  hydrometer.  s 


The  !ead  acid  battery  is  rated  ™^«^^£^U^^eX 
^FJSS83S#£&£i  ?t"SKt!  ^perlhours  m  be  shown  as 
Ah  on  the  battery. 

NICKEL  CAMM_fiLS         ,       '  1  .  < 

Q11  fnirarkl  is  extremely  reliable  and  has  a  long  life.  The 
The  nickei^cadr^  IL^itive  olate  and  cadmium  in  the  negative 

nica^MJs^s-TliT^^  cNicads  are  useful  in 

plate.    Potassium  hydroxide  is  used  as  the  electro  y  ^  ^ 

standby  and  emergency , power /^P1^:^ ^Sca^onf         n?cad  is  ideal  for  a 
good  choice  for  many  security  alarm  applications,  men.c 

power  supply  in  a  charging  ci regit. 


\ 


1  I  +ua  katt0HP<;     For  example,  these  smoke  detectors 


x**  'if 


No  6  IGM 


of  batteries. 


BATTERY  SPECIFICATIONS 


Mpdel 

GC410 

. . '  oceio 

GG  1215.' 

voits 

-4 

;  e" 

•  ••••  -t^ 

'12 


Capacity 

20  Hr.  ,  . 

-  •        >::'f  ' 

■  0.9 


Weight 
Pounds 
(Grams) 

37(160). 
.50  (250) 
V, ft  (601) 


length 

1,654(42). 
1.99  (51)  ' 
7  00  (179) 

'«'•' .     v  « 


Dimensions,  Inches. (MM) 


Width  Height 

:    (Incl.  Term.) 
1.36(35)  2.24(575) 

1,65  (42)  '""     2  24  (57.5) 

}.34  (34)  2  64  (68) 
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Information 


BATTERY  CIRCUITS  ' 

Batteries  may  be  linked  together  to  get  the  amount  of  current  and  voltage  needed 
for  a  job.    They  can  be  linked  in  series  or  in  parallel.      r  \ 


-I 


SYMBOLS*   

The  schematic  symbol  for  a  battery  is  - 

Note  that  the  negative  side  is  represented  by  a  short  line  and  the  positive  side 
by  a  longer  1  ine. 

series  Circuits 

A  series  circuit  increases  the  voltage.    The  voltage  is  eqdal  to  the  sum  ot  each 
single  battery.    The  amperage  output  will  equal  thati  of  one  single  battery.  A 
series  circuit  is  obtained  by  hooking  the  positive  or  one  battery  to  the  negative 
of  the  next  battery.    A  drawing  of  a  series  hookup  is  s^pwn  below. 

PARALLEL  CIRCUIT  ,  ^ 

Batteries  linked  in  parallel  circuit  increase  the  amperage  to  the  sum  of  each  - 
battery's  output.  f  The  voltag&'will  equal  that  of  a  single  battery.-  A  parallel 
Circuit  is  hooked  up  from ■ positive  to  positive  and  negative  to  negative.  A 
parallel  circuit  is  shown  below. 


\jm.<!-m*"*~  


J 
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to 


Assignment 


Complete  job  sheet. 

: 

Read  section  on  Primary  and  Secondary  Batteries  in  Electric  C-ircui'ts  and  , 
Machines,  Sixth  Edition,  by  Lister.  * 

Complete  self  assessment.  .1  .*  | 


Complete  post  assessment, 


1  < 


( 


\ 


o 
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Job  Sheet 


4  * 


CHARGE  A  LEAD-ACID  BATTERY  , 

•   EquipmqffPneeded--battery,  charger,  hydrometer 

■    -  •  \  '" 

.  •  Remove .battery  caps 

/  .... 

»  .. '  _  •  .  Take  hydrometer  readings  and  record  readings  for  each  ce\l 

Connect  charger  to  battery.  Be  careful  that  positive  is  hooked  to  positive 
and  negative  to  negative.  •* 

Set  charging,  rate. 

.  ■  *•  ■ 

Take  hydrometer  reading  of  each  cell  after  charging. 


Check  specific  gravity  readings  against  |he  chart  below: 


READINGS 

STATE  OF  CHARGE 

1 . 28 

Full,  charged 

.1.25 

75  %  charged 

1.22          .  ' 

50%  charged  m 

1.19  . 

'     ■  ■  25%  charged  • 

1.16 

Hardly  useful . 

1.13              •  . 

Discharged 

1 
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•Self 

Assessment 


i'2. 


\  3, 


Show  how  this  circuit  can  be  connected  in  series. 

for-— — 


-  o 


0  + 


-  o 


-  o 


~<5 


o  * 


J  I 


Show  how« this  circuit  can  be  wired  in  parallel 


L    •  *.<d*  i  


-  o 


-o 


L  ■  rJ 


In  this  schematic  symbol  for  a  battery,  label  positive  (  +  )  and  negative  (-*) 
sides  of  symbol . 


4.    List  three  'types  of  pVimary  cells 


5.    List  two  commoh  types  of  secondary  cells. 


6.    The  liquid  conductor  of  a  cell  is  called  the 


7.    The  charge  of  a  lead-acid  battery  is  measured  by 


8,    Nicads  are  a  nickname  for 

r 


vV;^.:9-    What  would  be  the  total  amperage  and  voltage  for  tjie  circuit  shown  in 

.  Question  2?    Each  battery  is  2  volts  and  10  amps. 

■  i. 

10.    The-nicad  cell  is  good  for  standby  powjr  supply  because  of  its 
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Self  Assessment 
Answers 


1 


1. 


2. 


3. 


4.    pry  cell,  carbon  zinc,  alkaYine,  mercury  oxide,  silver  oxide 


5.    Lead  acid,  nickel-cadmium 


6.  <*Llectrolyte 


7.  Hydrometer 


Nickel -cadmium  cell 


9.    2  volts ,  60  amps 


10.    Reliability  or  long-life 
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Post 

Assessment 


List  advantages  of  the  nicad  cell  for  use  in  a  power  supply. 
The  capacity^of  batteries  is  shown  in  Ah.    What  does^his  mean? 

Which  battery  specifications  are  found  on" the  battery  itself? 

'  -4 
t 

You  have  3  batteries  with  specifications  of  1.5  volts  and  10  amps  for  each 
battery.    Show  how  the  batteries  can  be  connected  for  a  series  cincuit.  . 
What  will  be  the  voltage  and  amperage  output  Of  the  series? 


Show,  the  same  batteries  (Question  4).  in  a  parallel  hookup.  Compute 
voltage  and  amperage  for  the  parallel  circuit. 


Describe  how  carbon-zincj eel  1 s  are  re-charged. 


Which  produces  the  most  electrical  energy--a  Leclanche  cell  or\n  alkaline-  • 
manganese  eel  1 ? 

Elecrical  cells  may  be  classified  as  primary  cells  or  secondary  eel  1 s .  What 
is  the  difference? 

An  auto  battery  is  made  up  from  six  cells  of  2  volts  each.  Does  this  mean  that 
the  cells  are  connected  in  series  or  parallel? 


The  "schematic  symbol  of  a  battery'"  is 
Show  posjtive  and  negative  sides  of  symbol 
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T 


instructor 

Post  Assessment  Answers 


1.  •  Reliability  and  long-life. 

2.  Ampere-hours. 

3.  Voltage,  type^and  purpose. 

4.  "  "1 


J. 


6. 

7. 
.  3. 

9. 
10. 


They  cannot  be  charged. 

Alkaline-manganese  cell. 
S 

Secondary  cells  can  be  charged. 
Series  * 


\ 
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Supplementary 
References 


Lister,  Eugene.  Electric  Circuits  and  Machines.  McGraw-Hill  Book  Co 
*  „  .        Sixth  Edition.    New-York.    1984.    Pages  55-71. 
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TRbUBLESHOpTING-ELECTRICAL  TRACING 


• 

*Goal: 

Performance  Indicators: 

The  apprentice  will  be  able  tfo  describe 
electrical  trpcing  as  a  troubleshooting 
technique.                                '  1 

* 

r  ■ 
> 

1.  Describe  test  equipment, 

2.  .  Describe  problems  in  electrical 

wiring. 

3.  Describe  steps  in  troubleshooting  r; 
electrical  wiring  systems*          '  > 

f  ■ 

'  **  ■! 

j  .                             '  * 
i  '  ' 

to 

• 

\ 

> 

■  • — ; — ; —  J.  ; 

'  \.           •  '  •    )        ■  ■ 

/ 

'INSTRUCTIONAL  learning  systems 


Study  Guide 


1 


•>  Read  the  goal  and  performance  indicators  for  this  package. 
•n  Read  the  vocabulary  list  for  this  package.  \^ 
•N   Study  the  introduction  and  information  sheets. 

•  Complete  the  job  sheet*. 

•  Complete  the  self  assessment  and  check  answers. 

i.  • 

•  Complete  the  post  assessment  and  have  your  instructor  check  the  answers, 


a 
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•  Continuity  testers 

•  Exor-System  test  device 

•  Foreign  pot&ptial 

•  •  Grounds 

•  Intermittent  . 

•  Light  emitting  diode  (LED) 

•  Opens 

•  Shorts 

•  Sonalert  tester 


r 


Swingers 
VOM  meter7 
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Introduction 


1  . 


The  basic  procedure  was  described  in  the  electronics  packages  that  are  part  of 
this  course.  Measuring  electricity  is% a  specific  skill  that  is  learned  by 
specific  instruction. 

Troubleshooting  assumes  that  the  apprentice  has  mastered  the  basic  skills  of 
electrical  testing.  This  package  is  designed  to  help  the  apprentice-chase  down 
an  electrical  fault  in  a  short  timeframe.  It  is  procedural  rather  than  beiijg 
specific  in  a  technical  senrie.  The  technical  skills  of  elettrical  measurement 
should  have  been  mastered  earlier  in  the  training  program. 
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Information 


Test  Equipment 


A  troublesheoter  must  have  the  proper  test  equipment  to  find  problems  in  a  j 
protective  loop.  A  low  voltage  light  bulb  with  shoft  wires  and  clips  can  serve  #\ 
as  a  simple  test  instrument.  The  Sonalef t  tester  is  a  commercial  type  device 
used  for  tracing.  Other*  test  devices  have  light  emitting  diodes  with  colored 
lights  that  makes  for  easy  reading.  Continuity  testers  have  thefctr  own  batter Ibs 
which  allow  them  to  be  used  in  testing  dead  circuits.  A  continuity  tester  may 
be  made  with  an  LEP  light  ^bulfr  or  Sonalert .  More  complex  continuity  testers  can 
be    made    by  using  a  sensitive  relay.      Specialized  testers  for    normally    open,  * 


normally  closed  circuits  and  , latching ^operations  cai 
A  simple  continuity  test  circuit  is  shoWn. 


be.  developed  with  relays. 


r 


Another  piece  of ' test  equipment  is  the  VOM- meter ,  The  VOM  is  a  voltage-Ohm- 
milliamp  meter  that  will  make  all  needed^lectrical  measurements.  The  VOM  will 
measure  voHage,  amperage  and' resistance 'in  a  circuit.  This  piece  of  equipment 
is  a  must  fw^low  voltage  troubleshooters. A  A  VOM  meter  is  shown  below.  .  > 


SIMPSON 
270-4  VOM 


#  FEATURE! 

♦  4Vi'Malaf 

•  Mlrrond  scaU 

•  Timpmiiurt  Companwtad  Mttir 

♦  Mattr  M&vtmant  ProtKtkm 
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8  D  C.  VOLTAGE  RANGES:  0  .25.  \ ,  2.5, 10.  50. 250,  500, 1000 . 

SENSITIVITY:  20,000  ohtos/volt 

ACCURACY;  i  IK*  i±M*  5000  vollrania).  . 
6  A.C.  VOLTAGE  RANGES:  0-2.5. 10,  5M50,  500. 1000. 

SENSITIVITY:  5000  ohm* /volt 

ACCURACY:  ± 2%  < ± 3*  5000  voll  range), 
F  DC.  CURRENT  RANGES:  0  50  uh  1  mA  10  mA  100  mA. 

500  mA  10  A.  ACCURACY:  *  1&*  < *  K*  50„A  ranga). 
}  WlSIStANCE  RANGES:  0  2  K,  200  k,  20  met 

CENTER  SCALE t  12  ohmi.  ACCURACY   *l*  <tW*  2  k 

ranga). 

4  OUTPUT  RANGES:  0  2.5,  10.  50.  250. 
4  DB  RANGES;  -20  10  +  50. 
MOLDED  CASE:  V  high.  5H'  wide.  3Vfc*  daap. 
NET  WEIGHT:  VA  lbs. 


BESTtOPY  AVAILABLE 
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♦ 

Information 


There  are  many  other  test  instruments  such  as  foi^L  zappers,  battery  testers  and 
Exor-System  test  devices.  Since  this  package  is  directed  at  "the/  beginning 
troubleshooter , the  continuity  tester  and  the  VOM  are  recommended  test 
instruments.  •    •  ,  ■ 

Wiring  Problems  » 

\ 

Wiring  faults  may/be  classified  according  to  the  nature  of  the  problem. 


* 


Opens  v 

fihorts 

Grounds 

Foreign  potential 
Swingers 


Opens  cause  the  greatest  number  of  wiringj problems.  Thesa  result  from  bad 
splices ,  torn  wires,  loose  connections,  and  poor  soldering.  Operts  will  alarm  iri 
a  closed  circuit  loop.  They*  will  go  undetected  in  open  circuit-  loops  until 
tested.  /  .  , 

Shorts  result  from  t?he  touching'  ol  wi/res  or  when  the  electrical  current  makes  a 
short-cut  in  its  travel}  through  the  wires.  Poorly  insulated  splices,1  staples 
dri  ven^  through  wires,,  corrosjfon  and  dampness  are  some  common  causes  of  shbrts. 
Shorts  will  alarm  an  open  loop  circuit "but, wijl  tend  to  go  umnJticed  in  a  closed 
loop  system.  *"  ^ 

Grounds  flre  created  when  a  wire 'shorts  to  a  grounded  object. 

♦  '  * — * 

i  ■  * 

Foriegn  Potential  is  a  dangerous,  fault .  It. occurs,,  when  the  alarm  system  wire  is 
accidently  connected  to  an^utfclde  source  or  electricity.  An  example  might  'be 
the  touching  of  low  voltage  wiring -by  110  volt  household  electricity, 

J    '    '  *  ^  v 

Swingers    are  a  general  type  fault.      Actually,,  the  swinger  is  an  intermittent 

fault    that    may  occur Ane  moment  and  npt  the  next."7    It  is  caused  by    a>  faulty 

connection.      Wind  or  other  vibration%,wlll  cause  the  intermittent  to  "swing"  or 

disconnect.      This  fault  is  the  most  difficult  type  to  trouble  shoat.    The  basic 

cause  of  swingers  is  poor  workmanship  in'  the  installation  of  the  system. 


X 
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Information 


V 


Steps~  int  TroubleshootinR 


Know„  System, -and  Equipment 


Before    working  on  a  system,    the  design  documentation  of  that  system  shoul'd  be- 
^arefully  reviewed.      If  it  contains  equipment  beyond-  the  technTcSl>fex per t i se  of 
the    troubleshooter ,    manufjacturer  information  should  he  reviewed  before  working 
on  the  system*      A  troubleshooter . should  knoy  how  the  system  is  supposed  to  work 
when  fre^e  of  problems.  -  - 


Find  the  Symptoms         <•  # 

When  a  problem  is  reported/  questions  should  be  asked  .to  define  the  ^symptoms  of  ' 
the  problem.  Symptoms  give  clues  to  the  possible  eauses  of  the  problem.  *If  the 
symptoms  are  well  defined,  the  diagnosis  will  be  easier  to  make. 

Identify  Possible  Causes  .  ^ 

There  are  several  possible  causes  for  each  set  of  symptoms,.  -    The  troubleshooter 
-should    list    thp  possible  causes       writing.  "   The  "jotting  down"    ©f  ^possible  * 
causes  goes  a  long  way  toward  diagnosis  of  the^problem.      IK  will  save  "hours  of 
*\         trial  and  error  effort.      Once  all  of  the  possibilities  are  listed,  the  list  can 
be  prioritized  with  the  most  likely  cause  listed  as  "number  qne. 

Diofinoso  the  Problem 

Troubleshooters  should  divide  the  system  into  segments.  One  half  of  tftfc  total 
system  can  be  checked  at  one-time.  Th6  procedure  of  starting  at  one  end  and 
checking  through  the  system  is  not  efficient.  If.  it  is  determined  that  "  the 
problem  lies 'in  one  half  of  the  systeitfT  this  half  should  be  further,  divided  into 
halves.  A  continuation  of  the  halving  process  will  allow  the  technician  to  reach 
the  source  of  trouble  in  a  minimum  timeframe.  Some  systems  £re  divided  into 
protection  zoneS.  Isolation  of  problems *  by  zones  saves  time  for  the 
troubleshooter.  j  ■        1  * 

Repair  the  Problem  .  /  ~ 

Repair    of  problems  is  the  easy  part.      It  may  requirp  the  replacement  of  a  dead 

buttery;  splicing  a  brokfen  wire;  or  insulating  a  grountf  fdult.    The  repair  needs 
are  obvious.    Diagnosis  is  the  difficult  part.  ' 
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v. 


Check  the  System 'for  Operation 

Once  the  ^repair  is  made,  the  technician  should  check  its  operation/**  If  it 
as  it 'was  designed  to  work,  the  repair  jeffort  is  successful. 


works 
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.A 


Review  material  and  diagrams 'oir pages  109- in  supplementary  reference. 

Complete  job  *  sheet.  '  >. 

Complete  self  assessment  and  check  answers. 

Complete  post  assessment  and  have' instructor  check  answers. 


/ 
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Job  Sheet 


USE  THE  VOM  METER 


Refer  to  instructioaal  package  on  VOM  meter  in  the  basic  electrical  series. 

•  •  ♦ 

Review  the  material  on  the  use  of  the  VOM.  K 


Complete  practical  exercises  in  the  package  unti*l  .confident,  in  making 
electricalmeasurements  with  the  VOM.  - 


f 
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INSTRUCTIONAL  LEARNING  SYSTEM 


.Self 

Assessment 


1.  A 


and  resistance  in  a  low  voltfcge  circuit. 


meter ^is  used  in  testing  voltage,  amperagage 


2.  A 


alarm  systems.    Sonalert  is  one  type. 


tester  is  a  common  instrument^  for  troubleshooting 


3.    An  intermittent  fault  is  nicknamed  a 


v 


.When  electricity  takes  a  short-cut  rather  than  going  through  a  loop  as 
planned,  it  is  called  a    '   


5.    What  is  a  fault  called  that  occurs  when  electricity  is  injected  from 
butside  source  such  as  household  wiring?  - 


4  9j0 
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Self  Assessment 


.1.  VOM 


*        o  • 


2..'   Continuity  tester 


3.  Swinger 


( 


4.  Short 


5.    Foreign  .potential 


j 
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#Post 

Assessment 


1.    When  a  wire  shorts  to  t  grounded  object,  /it^is  called  . 


2.      Opens    will  cause  alarms  in 


circuit  loops . 


3,  4  What  causes  a  swinger  to  swing? 


A.    List  the  six  steps  in. troubleshooting . 


\ 

5.    Which  measurements  can  be  made  with  a  VOM  meter? 


/ 
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Instructor 

Post  Assessment 
Answers 


1.  Grounds 


2.  Closed 

*  . 

3.  Vibrations  from  wind,  air,  etc. 


4,    Know  system  and  equipment 
Find  the  symptom 
Identify  possible  causes 
Diagnose  the  problem 
Repair  the  problem 
Check  the  system 


5*    Voltage,  amperage,  resistance 


INSTRUCTIONAL  LEARNING  SYSTEMS 


#  Supplementary 
References 


Trimmer,  William  H.  Understanding  and  Servicing  Alarm  Systems. 
Butterworth  Publishers ,  Inc.    BdSton.   "1981.  • 
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5.2 


TROUBLESHOOTING — ENVIRONMENTAL  FACTORS 


Goal: 


The  apprentice  will  be  able  to  describe 
'environmental  considerations  in, 
troubleshooting  alarm  systems. 


ERLC 


Performance  Indicators: 


1.  % Describe  causes  of  swingers. 

2.  Describe  effect  of  climatic 
conditions, •  * 

* 

3.  Describe  problems  with  animals, 

4.  Describe  prpbletos  with  insects 
and  birds. 

5.  Describe  effect  of4  blowing  air, 

6.  Describe  effect  of  vegetation. 

+  7,    Describe  walls  in  relation  to 
microwave. 


1 


TO 


INSTRUCTIONAL  LEARNING  SYSTEMS 


Study  Guide 


•  Read  the  goal  and  performance  indicators  for  this  package. 

•  Read  the  vocabulary  list  for*  this  package*  4 

■   \  .  r 

^  •  Study  the  introduction,  and  information  sheets. 

•  Complete  the  job  sheets.  |» 

•  Complete  the  self ' assessment  and  check  answers. 

•  Complete  the  post  assessment  and  have  your  instructor  check  the  answers. 
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v 

Vocabulary 


Intermittent 
Swinger 


'  ft 
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Introduction 


(V 


A  troubleshooter  of  algrm  systems  is  usually  faced  with  two  sets  of  problems. 
Thfe  electrical  circuitry  is 'one  major  source  of  problems.  Another  set  of 
problems  aMse  from  the  environment.  .  Som&times  the  env ironing t  can  aggravate 
electrical  circuits  by  causing  internaittents  or  swingers.  t,  In  the  case  of 
swingers  the  environment  is  not  the  basic  problem.  But  once  a  wire  ia  loose, 
wind  or  other  environmental  conditions,  will  cause  it  to  "swing". 


r 
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Information 


Environmental  conditions  are  the  cause  of  many  problems  in  alarm  systems.  When 
troubleshooting  ^an  alarm  system  the  technician  must  understand  tbese 
»eAvifonmental  problems.  ' 

Swingers  • 

*  -» 

A  swinger  is  one  of  the  most  difficult  problems  to  troubleshoot .  It  is  an 
intermittent  problem  that  shorts  out  the  circuit  one  minute  and  is  working  the 
rtext.  Swingers  usually  start  with  shoddy  workmanship.  Screws  may  be  loose  or 
-the  splices  are  poorly  soldered.  Tt\e  swinger  occurs  when  some  environmental 
factor  causes  the  wire  to 'swing  and  interrupt  the  connection.  Some  of  the 
causes  are:  £ 

» 

*  Moisture  from  leaky  roofs,     rain,  flooding  and  leaky  pipes  that  cause 
a  path  of  electrical  leakage  and  corrosiQn  of  wires.. 

y 

*  Mechanical  motion  from  wind,  drafts,  airplanes,  trains,  ventilators, 
heaters,  etc.  '  . 

Temperature  changes^ such  as  day  and  night,     seasons,     furnaces,  air 


conditioners  which  create  thermal  expansion  arid  contraction, 
and  contraction  is  a  type  of  motion. 


Expansion 


Since  swingers  are  due  to  poor  installation ,  one  approach  is  to  *  improve  the 
quality  of  the  job.-  Tighten  all  screws,  twist  and  resolder  ejections  and  ta£e 
all  connections  as  a  permanent  solution  to  a  swinger  problem.  Sometimes  it  may 
be.  easier  to  reinstall  the  system.  Another  approach  is  to  use  force  on  the 
system  to  cause  the  swinger  to  appear.  0p£  can  jiggle  wires,  rap  on -windows  and 
use  othe^  force  techniques  that  simulat^the  wind  to  find  swingers. 

Climatic  Conditions 

» 

Rain,    snow,     fog  and/'dust  can  create  problems  for  intrusion  detection  systems. 

Infrared  beams  can.be  blocked  by  moisture  or  dust.  Snow  affects  both  microwave 

and  infrared  if  it  ^blocks  their  pattern.      Seismic  devices  are  less  sensitive  in 

•frozen  ground.  As  mentioned  earlier,  moisture;  wind  and  temperature  changes 
cause  swingers  to  swing. 
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Information 


( 


Animals  '  \  * '  1 

•  _v    '  ■  , 

Dogs,'  cows,  deer 'and  horses  can^cause  problems  in  a  detection  system.  Animals 
will  trigger  seismic  detectors  and  other  types  of  devices  that  are  set  to  detect 
people.    Magnetic  detectors  are  the  only  type  that  is  not  affected  b\  animals. 

Topography  .  '  * 

Some  detection  .devices  are  not  suit&d  to* hilly  tetfrain.  Microwave  and  infrared 
do* not  work  wePL  on  uneven  ground. 


Ground  Cover 


Grass  and  other  vegetation  can  cause  severe  problems,  in  detection  systems. 
Plants  can  cause  false  alarming  in  "electric  sensors.  Ground  vegetation  causes 
distortion  in  microwave  detectors..  ^ 

Vehicles  ^  ,  f 

Heavy,  vehicle  traffic  causes  difficulties  in  alarm  systems.  Trains,  low  flying 
planes,  trucks  and  cars  can  affect  .seismic  Censors*  buried  line  sensors  and 
microwave.*  '  V  §  ^ 

\ 


Insects 


irds 


Insects  sometimes  .crawl  into  microwave  units  and  cause  problems.  They  can  also 
disturb  ultrasonic  sensing  equipment.  Birds  can  false  alarm  motion  detectors  %i 
they  fly  too  close  to  the  sensor,  a  ' 

BLoy^inR  Air 

Ait  from  heaters  and  air  conditioners  will  falafc  alarm  an  ultrasonic  system.  It 
cfton  also  be  the  source  of  swinger  circuits. 

#alls  .. 
I;  *\  * 

Microwave    will  penetrate  walls.      It  will  false  alarm  to  traffic  on  the  street 

outside.  Extreme  care  must  be  given  to  the  location  of  microwave  transceivers.  ' 

They  will  penetrate  wood  and  glass  to  detect  motion  on  the  far  s\^de  of  the  wall. 


V 
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Information 


< 


ElectropiaRnetic  Fields  '  \  .  ,  - 

Electromagnetic  fields  are  of ten  treated  by  power  lines.  The  electromagnetic 
field  will  disturb  signals  and  signal  processors  by  inducing  electrical  signals 
into  the  detector  lines,  'This  can  cause  false  Alarming  of  a  system. 

Summary 

N  ■  .  ,  . 

A  technician  must  consider  environmental  problems  in  both  installation  and 
troubleshooting.  The  environment  must  be  considered  as  a  potential  cause  of 
short-circuits  and  false  alarms.  Sensors  may  need  to  be, relocated  to  correct  a 
problem.*  Sunshades  may  need  to  be  erected  -  to  protect  video-surveillance 
cameras.  Dustproof  enclosures  may  be  needed  for  other  types  of  equipment.  In 
some  cases  it  may  be  necessary  to  confine  family  pets  during  the  time  that  the 
system  is  armed.  Common  sense  is  the  best  resource  for  dealing  with  problems 
that  stem  from  enviri^nmental  causes.  < 
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V  i 


ment 


•  Complete  job'gheet.  ^ 

•  'Complete  the  self ,  assessment  and  oheck  answers, 

•  Complete  the  post  assessment  and  ask  instructor  to  check  .answers . 


X 


v. 


502 


ERIC 


INSTRUCTIONAL  LEARNING  SYSTEMS 


\ 


Job  Sheet 


ASSIST  WITH  TROUBLESHOOTING 


Assist  journeyman  troubleshooters  at  every  opportunity.    Many  of  the  problems, 
will  be  related  to  environmental  factors.    Since  environmental  problems  are 
usually  unplanned  and  unusual,  experience  is  the  dearest  teacher  to  be  found. 
Experience  with  those  that  have  a  vast  experience  in  troubleshooting  is 
invdl.uable  to  the  learner,  '  r 


4  * 
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Self 
Assessment 


1.    Shoddy  workmanship  by  installers  is  a  frequent  c^use  of 


2. 


Insects  and  birds  can  create  false  alarms  In 
detectors.  *      .  • 


3.    Blowing  air  will  fals.e  alarm  

A.    Wall  construction  is  critical, for  efficient  use  of. 
.detectors. 


systems . 


5.    Frozen  ground  affects 


detectors . 


ERIC 


504 


INSTRUCTIONAL  LEARNING  SYSTEMJB 


*  Self  Assessment 

* 

Answers 


,   1 .  Swingers 


2.  'Motion 


3.  Ultrasonic 


Z1 


4.  Microwave 


5.    sk  smic 
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L 


Assessment- 


1. 


^  L  detectors  are  not4 affected  by  animals. 


2.    Ground  vegetation  causes  distortion  in 


detectors . 


on  the  other  side. 


systems  will  penetrate  walls  and"  alarm  .Co  movement 


4.    Which  detection  syatem  is  highly  serfe*feive  to  blowing  air? 


5.    Deep  snow  may  block  the  patterns  of  microwave  and 
, detectors .  * 


J 
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Instructor 
^Ppst  Assessment 
Answers 


1 .  Mastic  J 

2.  Microwave 

3.  Microwave 


t  m 


4.  Ultrasonic 


5.  infrared 
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.  Supplementary 
References 


Barnard,  Robert  L.  Intrusion  Detection  Systems:  Principles  of  Operation 
and  Application.    Butterworth-Publighers.    Boston.  1981. 
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DOCUMENTATION  OF  DESIGN 


Goal: 


ERIC 


The  apprentice  will  be  able  to  describe 
the  need  for  documentation  of  the 
design  of  security  alarm  systems. 


Performance  Indicators: 


A  ..  * 

l\    Describe  importance  of 
documentation. 

2 ♦    Describe  need  for  confidentiality 
of  documentation. 
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Study  Guide 


•  Read  the  goal  and  performance  indicators  for  this  package. 

•  Read  the  vocabulary  list  for  this  package.  * 

•  Study  the  introduction  and  information  sheets. 

•  Complete  the  job  sheet.  v  * 

•  Complete  the  self  assessment  and  check  answers. 

V 

•  Complete  the  post  assessment  and  have  your  instructor  check  the  answers. 
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Vocabulary 


Confidentiality 
Documentation 
Floor  plan 
Plot  plan 
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"introduction 


Alarm  systems  can.  become  a  complex  system  of  wires  and  sensors.  If  the  design 
is  only  in  the  memory  of  the  installer,  it  is  difficult  for  others  to  follow 
through  on  maintenance  and  troubleshooting  of  the  system.  Where  plans  are  well 
documented,  others,  can  work  with  the  system  without  time  loss. 

N 

Clear  documentation  should  be  made  on  the  design  features.  The  location  of  all 
devices  and  the  brands  of  equipment  should  be  marked  on  the  design  plan.*  The 
plart  should  identify  the  types  of  protective  loops  included  in  the  system  and 
the  routing  of  wiring.    Good  documentation  makes  troubleshooting  an  easier  task. 


/ 
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Information 


Security    alarm  systems  should'  be  planned  on  paper    before    installation.  Such 
plans    are    usually  in  the' form  of  floor  plan  drawings  or  p]>ot  plans  of  outsid6 
property.      The    precise    location  of  detectors,     control  equipment  '  and  wiring 
should    be    identified    on  the  plan.      "A  good  plan  is    needed    for    the  futuxe 
troubleshooting  and  maintenance  of  the  alarm  system. 


Changes    in    the  alarm  system  must  be  recorded  on  the  plan, 
added  '  or    changes  in  location  are  made,     the  plan  must  be  upd 
becomes  the  blueprint  for  servicing  the  alarm  sysjtem. 


As  ^detectors 
a t6d.  The 


are 
plan 


Complex  systems  •  may  involve  structures  that  undergo  remodeling  or  other 
structural^  changes.  These  structural  changes  will  affect  the  alatm  system 
design  and  layout.  Where  possible,  the  maintenance  staff  should  be  involved  in 
the  design*  of 'the  alarm  system.  Then  they  will  4cnow  how  the  system  will  be 
affected  by  proposed  changes  in  the  structure.  The  maintenance  departments  and 
alarm  installer^  can  cooperate  in  making  the  structural  changes.  Such 
cooperation  will  eliminate  many  troubleshooting  problems. 

Confidentiality  of  alarm  system  design  documents  is  a  strict  requirement ,  If 
the  plan  is  available' to  dishonest  people,  the  system  will  be  comprimised. 
Design  documentation  must  |be  closely  guarded  and  kept  under  lock  when  not  being 
used  by  an^ authorized  person.  Systems  with  high  levels  of  threat  will  need  to 
be  carefully  guarded.  The  numbeir  of  people  authorized  to  work  with  documented 
design  plaivs  will  be  fewer  as  the  threat  level  is  increased. 

Alarm  system  design  {bust  be  documented  so  that  the  system  can  be  maintained  at;  a 
high  level  of  efficiency.  At 'the  same  time^f  documented  design  must  not  fall 
into  the  wro^g  hands.  A  responsible  attitude  must  be  adopted  by  alarm  systems 
installers  to  assure  that  documentation  remains  confidential.  The  owner  can 
identify,  the  persons  With  authorization  to  review  the  alarm  system  plans. 
Security  alarm  companies  are  responsible  for  confidentiality  among  their  own 
Employees. 


Documentation  should ^include: 


* 
* 
* 
* 

* 


Location  of  detectors 

Types  of  detectors  at  each  location 

Types  of  protective  loops 

Brand  names  of  equipment 

Location  pf  wiring  in  structures 

Boundaries >  areas  anfl  volumes  being  protected 
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Assignment 


•  Complete  the  job  sheet* 

•  Complete  the  self  assessment  and  check  answers..      ^  r 

•  Complete  the  post  assessment  and  have  instructor  check  answers 
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\ 


Job^Sheet 


REVIEW  DESIGN  DOCUMENTATION  OF  ALARM  SYSTEM  * 

•  Ask^ employer  to  see  the  documentation, of  an  alarm  system  design. 

•  Identify  what       shown  on  design.  ^ 

-  Types  and  locations  of-  detectois        «  i 

-  „  Wiring  layout 

-  Typesy&nd  brands  of  equipment  s 

-  Other  information 

» 

•  How  is  confidentiality  maintained? 
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Self 

Assessment 


1.,  Why  is  "documentation  of  design  needed? 


2.  Which  types  of  architectural  plans  are  used  for  documentation? 

3.  What  should  be  shown  in  documentation? 


A.    Why  is  confidentiality  important? 


5.    How  does  level  of  threat  affect  the  degree  of  confidentiality  of 
documentation? 
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•  Self  Assessment 
Answers 


*  1.    For  maintenance  and  troubleshooting  alarm  systems. 


2.    Floor  plans,  plot  plans 


3.    Locations  of  detectors,  wiring  and  control  equipment.    Types  of  detectors 
and  brands  of  equipment, 

A.    To  keep  dishonest  people  from  using  documentation  to  comprimise  the  systenK 

v 

5.    The  higher  the  threat  level,  the  greater  the  degree  of  confidentiality. 


% 
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Post 

Assessment 


1.    a.    Identify  all  things  that  should  be  identified  in  deisgn  documentation; 
Include  items  from  this  package  attd  others  from  your  experience  and 
training.    Make  a  list  of  these  items.     *  t*v 


) 


1.  b. 


•  .  y 


Have  the  instructor  check; your  list  and  suggest  other  items  that  would 
be  helpful  in  the  servicing  of  alarm  systems. 
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Instructor 

^Post  Assessment 
Answers 


«    1.    a  and  b.    Instructor  will  review  and  critique  list  developed  by  apprentice. 


r. 
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References 


Journeyman  installers  at  the  work  site, 
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